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PEEFACE. 


Oftentimes  have  the  friends  and  admirers  of 
the  remarkable  man  whose  memoir  is  here 
presented  to  the  pubhc  expressed  regret  that 
there  has  been  no  adequate  pubhshed  record 
of  his  Hfe  and  work.  Nearly  twenty  years 
have  now  elapsed  since  his  death.  The 
principal  reason  of  the  delay  has  been  the 
lamented  decease,  during  this  period,  of  both 
of  his  sons ;  each  of  whom,  first  the  elder, 
and  after  his  decease,  the  younger,  having 
intended  to  issue  a  memoir  of  their  father  ; 
but  both  were  prevented,  by  decease  in  the 
prime  of  their  lives,  from  carrying  out  their 
intention. 

I  have  prepared  this  memoir  at  the  re- 
quest of  the   surviving   daughters  of  Mr. 
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Mercer,  the  Misses  Mercer,  of  Oakenshaw 
House,  Accrington ;  who  kindly  placed  at 
my  disposal  all  available  documents  likely 
to  be  serviceable,  and  furnished  me  with 
many  interesting  details  of  their  father's 
social  life.  Mr.  Mercer  did  not  keep  a  re- 
gular diary,  but  he  left  behind  him  a  large 
collection  of  notes,  memoranda,  and  copies 
of  letters  ;  and  also  a  brief  account  of  his 
youthful  days  and  early  labours  in  calico- 
printing. 

To  ensure  all  possible  accuracy  in  points 
relating  to  personal  history,  the  Misses  Mercer 
have  kindly  revised  my  memoir  with  great 
care.  I  am  also  indebted  for  a  similar  act  of 
kindness  to  the  Eight  Hon.  Sir  Lyon  Playfair, 
who  was  Mr.  Mercer's  principal  correspondent 
on  chemical  subjects. 

I  have  the  melancholy  gratification  of 
acknowledging  my  indebtedness,  for  like 
assistance,  to  another  intimate  and  highly 
esteemed  friend  of  Mr.  Mercer,  whose  de- 
cease occurred  not  long  after  reading  through 
my  manuscript,  namely  Mr.  James  Higgin,  of 
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Manchester,  the  author  of  the  excellent  article 
on  calico-printing  in  the  last  edition  of  lire's 
'  Dictionary  of  Arts.' 

In  attempting  to  do  justice  to  Mr.  Mercer 
as  a  man,  a  technical  inventor,  and  a  chemist, 
it  has  been  necessary  to  include  subjects  of 
very  different  character  ;  which,  although 
sejDarated  to  some  extent  by  chapters  and  an 
Appendix,  may  make  the  present  volume 
appear,  to  some,  a  singular  admixture  of 
social  life  (including  the  religious  element), 
technical  recipes,  and  theoretical  chemistry  ; 
— three  aspects  in  which  we  cannot  expect 
any  reader  to  be  interested  equally.  But  it 
will  be  obvious  that  neither  could  be  omitted 
without  doing  injustice  to  the  subject,  and 
defeating  the  object  in  view  in  the  publication 
of  this  memoir. 

Although  great  changes  have  been  made 
in  the  art  of  calico-printing  since  the  period 
of  Mr.  Mercer's  labours,  yet  it  is  probable 
that  the  calico-printer  of  to-day  will  here 
meet  with  much  interesting  information  which 
may  be  turned  to  practical  advantage. 
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Numerous  recipes  for  colour  preparations 
in  use  at  the  Oakenshaw  works  at  the  time 
of  the  dissolution  of  partnership,  and  which 
have  never  before  been  published,  will  be 
found  in  these  pages. 

Among  the  subjects  here  introduced  re- 
lating to  theoretical  chemistry,  of  course, 
at  the  present  day,  most  will  be  interesting 
only  in  their  historical  aspect.  But  there 
will  also  be  found  notices  of  many  interesting 
experiments,  not  generally  known,  which 
even  now  suggest  subjects  well  deserving  of 
further  investigation.  Generally  speaking, 
we  have  retained  the  nomenclature  used  by 
Mr.  Mercer  and  most  other  chemists  of  his 
day. 

Edwaed  a.  Parnell. 

May,  1886. 
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THE  LIFE  AND  LABOURS 

OP 

JOHN  MEECEE. 


CHAPTEE  I. 

HIS  YOUTHFUL  DAYS. 

The  subject  of  the  following  memoir  was  one 
of  those  praiseworthy  men  who,  being  pos- 
sessed of  remarkable  natural  abilities,  attained 
a  position  of  distinction  among  scientific  men 
without  the  advantages  of  a  scholastic  train- 
ing. His  career  presents  us  with  a  remark- 
able instance  of  the  success  which  attends 
habits  of  unwearied  industry  and  persever- 
ance, when  guided  by  a  sound  and  an  acute 
judgment,  amidst  most  unfavourable  circum- 
stances.   He  became  celebrated  chiefly  for  his 
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applications  of  chemistry  to  the  art  of  dyeing 
and  cahco-printing.  That  art  embraces  some 
of  the  most  ingenious  apphcations  of  chemical 
science ;  not  a  few  of  which  originated  with 
John  Mercer.  Amongst  his  scientific  acquaint- 
ance, however,  he  was  admired  chiefly  for  the 
comprehensiveness  of  his  views  on  all  subjects, 
and  for  the  remarkable  acuteness  and  origi- 
nality which  he  displayed  in  dealing  with  all 
questions  relating  to  theoretical  chemistry. 

John  Mercer  was  born  on  February  21, 
1791,  at  Dean,  in  the  parish  of  Great 
Harwood,  a  few  miles  from  Blackburn,  in 
Lancashire.  His  ancestors,  who  were  mostly 
agriculturists,  had  resided  in  that  locality 
for  many  generations.  Their  names  are  to 
be  found  in  the  first  page  of  the  register 
of  the  parish  church  of  Great  Harwood,  in 
the  year  1556.  Towards  the  close  of  last 
century  hand -loom  cotton  weaving  had  be- 
come the  principal  industry  of  that  district, 
the  manufacture  being  carried  on  in  the 
operatives'  cottages  and  in  small  factories. 
At  the  time  of  the  birth  of  John  Mercer,  his 
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father  had  a  small  spinning  factory  by  the 
side  of  the  Dean  Brook,  the  rivulet  which 
now  supplies  the  water  reservoir  of  Harwood 
and  Clayton-le-Moors.  A  few  years  later,  the 
changes  in  his  occupation  which  attended  the 
introduction  of  machinery  and  the  formation 
of  large  cotton-mills  induced  him  to  give  up 
the  factory  and  pursue  agriculture.  For  this 
purpose  he  acquired  the  lease  of  a  farm  in 
a  pleasant  locality  in  the  same  parish,  and 
resided  in  a  house,  still  standing,  known  as 
'  The  Stoops  Farm,'  from  which,  after  a  few 
years,  he  removed  to  a  house  in  a  beautiful 
situation,  near  the  village  of  Harwood.  His 
son  John  always  retained  an  enthusiastic 
attachment  to  these  (then)  picturesque  scenes 
of  his  childhood  ;  no  earthly  spot,  in  his  esti- 
mation, was  more  beautiful  than  Harwood. 

But  John  Mercer's  boyhood  was  not  to  be 
passed  in  tender  pastures  and  beside  still 
waters.  In  the  year  1799,  a  large  district, 
including  Harwood,  experienced  an  entire 
failure  of  the  corn  crops.  This  was  followed 
by  great  scarcity  of  necessary  food,  and  also 
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by  an  epidemic  of  a  very  virulent  character. 
In  the  year  1800  his  father  fell  a  victim  to 
the  epidemic  (together  with  other  near  rela- 
tives), leaving  his  wife  and  three  children  with 
slender  means  in  a  season  of  general  distress. 
One  of  the  children  soon  died.  Shortly  after- 
wards the  widowed  mother,  with  her  two  re- 
maining children,  went  to  reside  with  her 
mother,  Mrs.  Clayton  (who  was  then  an  aged 
widow)  in  the  house  known  as 'Back  of  Bowley,' 
in  the  same  parish.  On  his  mother's  side,  John 
Mercer  had  many  relatives  who  were  highly 
esteemed  both  for  ability  and  piety,  particularly 
among  the  Wesleyans.  John  Wesley,  w^hen 
on  a  preaching  tour,  had  been  the  guest  of 
his  maternal  grandparents  in  the  house  just 
named. 

The  first  regular  occupation  of  John 
Mercer  was  that  of  a  '  bobbin-winder,'  when 
a  boy  of  about  nine  years  of  age  ;  and  his  next, 
that  of  a  hand-loom  weaver.  He  was  ten 
years  of  age  before  he  received  his  first  in- 
struction in  reading,  writing,  and  arithmetic. 
This  he  obtained   from  a  pattern  designer 
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belonging  to  the  Oakenshaw  Print  Works,  with 
whom  he  became  acquainted,  named  Blen- 
kinsop,  who,  recognising  his  natural  abilities, 
and  pleased  with  his  general  good  conduct, 
took  an  interest  in  him,  and  kindly  offered  to 
give  him  lessons  in  the  evenings.  John  at 
once  applied  himself  to  learn  to  read  with  the 
determination  and  energy  which  characterised 
his  after  life.  When  an  old  man,  referring  to 
this  period,  he  remarked,  '  I  remember  that 
wherever  I  was,  my  practice  was  to  be  run- 
ning over  ah^  eb,  ib,  ob,  ub^  &c.  &c.,  and  in  that 
way  quickly  got  through  the  spelling-book 
and  took  up  arithmetic'  In  a  short  time, 
Blenkinsop  removed  to  another  place,  but 
not  before  he  became  justly  proud  of  his 
pupil,  and  used  to  say  that  he  would  '  chal- 
lenge him  with  any  of  the  scholars  of  James 
Fielding' — the  village  schoolmaster.  John, 
who  had  by  this  time  reached  long  division, 
pursued  his  studies  by  himself,  and  made  such 
progress  that  he  soon  acquired  a  reputation 
amongst  liis  fellow- villagers  as  an  adept  at 
figures.    Some  years  afterwards,  another  kind 
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friend,  named  Lightfoot,  to  whom  we  shall 
subsequently  refer,  gave  him  evening  instruc- 
tion in  mathematics.  The  assistance  thus  ren- 
dered by  two  friends  was  all  that  he  received  in 
the  way  of  personal  tuition ;  but  his  fondness  for 
reading,  his  habits  of  industry,  and  his  powers 
of  close  observation  enabled  him  to  go  on 
improving  his  mind  and  laying  up  an  amount 
of  information  which  may  well  put  to  shame 
many  a  young  man  who  has  had  great  scho- 
lastic advantages. 

In  illustration  of  his  aptitude  at  figures 
when  quite  a  lad,  the  following  story  is  related 
of  him.  At  the  time  referred  to,  Mr.  Eoger 
CunlifFe,  afterwards  the  successful  banker,  of 
Manchester  and  London,  resided  in  the  neigh- 
bourhood. He  was  fond  of  mathematics,  and 
frequently  brought  questions  to  puzzle  a 
tradesman  of  Great  Harwood,  who  had  a 
similar  taste.  One  day  Mr.  Cunliffe  entered 
the  tradesman's  place  of  business,  and  accosted 
him,  '  Well,  John,  I've  got  a  puzzler  for  you 
this  time.'  John  looked  at  the  sum,  and  saw 
that  he  could  not  grapple  with  it  at  once ;  but 
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observing  John  Mercer  in  the  street  outside, 
and  being  aware  of  his  genius,  he  affected 
contempt,  and  rephed,  '  Oh !  don't  come  to 
me  with  such  a  simple  question  as  that. 
Why,  fetch  a  boy  from  the  street,  he'll  work 
that  for  you;  I'll  fetch  you  one.'  So  saying, 
he  went  out  and  beckoned  to  John  Mercer, 
who  entered  and  gave  the  required  answer 
with  ease,  to  the  great  surprise  of  Mr.  Cunliffe. 

Another  subject  to  which  he  apphed 
himself  when  a  young  man,  with  great  en- 
thusiasm, was  music  and  singing.  Failing  in 
all  his  endeavours  to  get  help  from  a  teacher, 
he  so  persevered  with  very  crude  materials, 
as  to  attain,  entirely  unaided,  a  good  know- 
ledge of  music,  and  to  become  a  skilful  player 
on  various  instruments.  He  soon  gave  the 
helping  hand  to  others,  and  induced  several 
young  men  to  unite  to  form  a  choir  for  the 
practice  of  vocal  music,  and  also  a  band  for 
instrumental. 

The  following  anecdotes  of  his  youthful 
days  are  related  in  illustration  of  his  musical 
talent.    In  the  time  of  war,  at  the  early  part 
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of  the  present  century,  John  Mercer,  hke 
other  young  men  of  physical  abihty,  had  to 
join  a  mihtia  corps  for  mihtary  exercise  and 
training  for  active  service,  if  required.  This 
occupation  was  very  uncongenial  to  John,  and 
so  clumsy  were  his  movements  that  he  had  to 
be  placed  in  the  '  awkward  squad '  for  extra 
drilling. 

Tlie  Major  in  command,  who  was  an  ad- 
mirer of  good  music,  was  particularly  fond  of 
a  certain  air,  of  which  the  band  did  not  possess 
the  written  music;  and  only  one  man  in  the 
band  could  play  it.  In  this  difficulty,  a  man, 
who  was  acquainted  with  John  Mercer's  musi- 
cal powers,  told  the  Major  that  '"Awkward 
John"  will  give  them  all  they  want.'  He  w^as 
accordingly  sent  for ;  the  air  was  played ; 
John  first  marked  the  notes  on  paper  with 
his  pen,  and  afterwards  wrote  the  music  in 
full,  supplying  suitable  '  parts '  for  all  the 
instruments  of  the  band. 

For  a  time  John  returned  to  the  ranks  ; 
but  his  inaptitude  at  drilling,  putting  the 
wrong  foot  forward,  carrying  his  musket  on 
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the  wrong  shoulder,  and  hke  irregularities, 
necessitated  his  being  brought  to  head- 
quarters for  reproof.  John,  however,  took 
out  his  flute,  which  he  managed  to  carry 
about -with  him,  and  played  so  effectively  that 
all  exclaimed,  '  He  ought  to  go  to  the  band  ; ' 
'The  band  is  the  place  for  him.'  To  the 
band  he  was  accordingly  transferred  for  the 
remainder  of  his  period  of  service. 

Although  in  after  years  he  regretted  that 
he  had  allowed  music  to  occupy  so  much  of 
his  spare  time  in  his  youthful  days,  yet  his 
musical  taste  remained  the  same  throughout 
his  life.  Though  a  man  of  great  self-pos- 
session, yet  he  was  sometimes  entirely  over- 
come by  good  music  and  singing.  He  and 
his  son  John  were  present  at  the  first  Handel 
Festival  at  the  Crystal  Palace.  During  the 
performance  of  the  Hallelujah  Chorus  the 
whole  assembly  arose  and  stood.  His  son,  on 
looking  at  his  father,  saw  him  bathed  in  tears, 
unable  to  rise,  and  so  agitated,  at  the  con- 
clusion, that  for  some  time  he  was  unable 
to  speak.    He  greatly  enjoyed  the  annual 
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musical  festivals  at  the  Crystal  Palace,  which 
he  attended  whenever  practicable. 

But  we  must  return  to  the  contemplation 
of  John  Mercer  as  a  young  man  working  at 
the  looms,  and  doing  his  utmost  in  the  even- 
ings to  improve  both  himself  and  others  ;  and 
follow  him  through  a  few  years  of  chequered 
life,  not  without  some  events  of  interest  in 
connection  with  his  future  course. 

On  one  occasion,  in  the  year  1807,  when 
visiting  hi^  mother,  who  had  married  a  second 
time,  JohA  was  so  much  struck  with  the 
beautiful  orange  colour  of  the  dress  of  his 
little  step-brother  on  his  mother's  knee,  that, 
to  use  his  own  words,  he  '  was  all  on  fire  to 
learn  dyeing.'  But  his  difficulty  was  how  to 
obtain  instruction.  All  his  endeavours  seemed 
fruitless.  He  had  no  book  on  the  subject,  nor 
could  he  procure  any  receipts.  There  were 
no  dyers  in  the  village  where  he  resided,  but 
there  were  fancy  dyers  at  Blackburn,  about 
five  miles  distant. 

Undaunted  by  his  obstacles,  he  resolved  on 
the  following  expedient.   Having  learned  that 
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the  dyers  in  Blackburn  obtained  their  various 
materials  from  a  certain  druggist  in  the  town, 
he  went  to  him,  and  asked  to  be  supplied  with 
materials  for  dyeing.  '  What  do  you  want  ?  ' 
inquired  the  shopman.  '  I  can't  tell  you,* 
rephed  John  ;  '  will  you  tell  me  the  names  of 
all  the  different  materials  you  sell  the  dyers 
here?  '  '  Oh,  I  sell  them  peachwood,  Brazil- 
wood, logwood,  quercitron,  alum,  copperas,' 
and  others,  mentioning  all  their  names.  John 
reckoned  his  money,  and  found  he  could  man- 
age threepence  for  each  sort ;  so  he  asked  the 
shopman  to  sell  him  threepennyworth  of  each 
kind,  and  to  write  on  each  packet  the  name  of 
the  article.  The  shopman  did  so  ;  and  John, 
to  use  his  own  words,  '  returned  home  full  of 
dyeing  and  dyeing  materials.'  He  was  for- 
tunate in  obtaining  the  use  of  a  very  convenient 
place  for  his  experiments,  where  he  had  all 
necessary  apparatus  for  small  trials.  Here  he 
commenced  entirely  by  '  rule  of  thumb,'  but 
by  great  industry,  perseverance,  and  close  ob- 
servation he  at  length  acquired  a  good  deal  of 
useful  knowledge,  and  ascertained  methods  of 
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dyeing  in  most  of  tlie  colours  then  required. 
He  found  dyeing  with  indigo  a  very  difficult 
problem  for  some  time,  but  at  length  was 
enabled  to  accomplish  that  also,  by  the  proper 
admixture  of  lime  and  copperas  with  the 
indigo. 

Encouraged  by  the  success  of  his  experi- 
ments, his  next  step  was  to  start  in  business 
as  a  dyer  in  conjunction  with  a  partner 
who  had  convenient  premises.  The  principal 
material  operated  on  was  the  remnants  which 
were  the  perquisites  of  the  Great  Harwood 
hand-loom  weavers.  Of  that  and  other  ma- 
terial there  was  an  abundant  supply,  and  the 
undertaking  proved  a  decided  success. 

Ere  long,  however,  another  change  took 
place.  Messrs.  Fort,  proprietors  of  the  Oaken- 
shaw  Print  Works,  hearing  of  the  success  of 
John  Mercer  in  his  dyeing  experiments,  sent  to 
him  an  invitation  to  enter  the  colour-shop  of 
their  factory,  but  with  the  proviso  that  he 
should  be  bound  as  an  apprentice  for  a  given 
period.  The  opening  appeared  to  be  a  desir- 
able one,  with  good  opportunity  for  experi- 
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ment  and  prospect  of  good  promotion.  With 
the  approval  of  his  mother  and  the  sanction 
of  his  partner,  John  accepted  the  proposal. 
He  gave  up  his  dyeing  business,  and  in  Sep- 
tember 1809  became  bound  as  an  apprentice 
at  the  Oakenshaw  Print  Works  colour-shop. 

As  all  the  various  materials  and  mixtures 
required  for  the  factory  were  prepared  at  the 
colour-shop,  John  reasonably  expected  that 
here  he  would  have  every  facility  for  obtain- 
ing the  best  information  relating  to  the  art 
to  which  he  now  intended  to  apply  him- 
self. His  expectations,  however,  were  not 
realised.  An  unforeseen  difficulty  arose 
which  rendered  his  position  very  trying. 
The  old  foreman  of  the  colour-shop,  instead 
of  giving  the  young  apprentice  a  helping 
hand,  and  treating  him  with  the  confi- 
dence he  deserved,  eyed  him  with  great 
jealousy,  and  put  all  possible  obstacles  in  the 
way  of  his  advancement.  He  was  kept  at 
the  most  menial  and  disagreeable  operations 
connected  with  the  colour-shop,  which  should 
have  been  done  by  the  'unskilled  labourer.' 
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Under  such  trying  circumstances  John  Mercer 
spent  about  ten  months,  not  without  making 
useful  observations,  and  also,  by  his  inventive 
genius,  rendering  assistance  to  the  firm,  par- 
ticularly in  turning  to  useful  purpose  material 
hitherto  rejected  as  of  no  value ;  but  his 
patient  endurance  and  forbearance  brought 
no  relaxation  of  the  antipathy  of  the  old  fore- 
man. 

An  opportunity  for  a  change,  however,  pre- 
sented itself.  The  general  convulsions  on  the 
Continent,  at  the  period  at  which  we  are  now 
arrived,  were  productive  of  great  depression 
among  the  Lancashire  calico  print  works,  and 
other  industries  connected  with  the  cotton 
manufacture.  In  the  case  of  the  print  works, 
the  culmination  appears  to  have  been  the 
issue  of  the  obnoxious  '  Berlin  decree '  in 
the  year  1810,  which  required  the  burning  of 
printed  calicos  and  other  goods  of  English 
manufacture  then  in  bond  in  certain  conti- 
nental States.  The  effect  of  this  decree  was 
so  severely  felt  at  the  Oakenshaw  Works  that 
the  masters  determined  on  making  a  great 
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reduction  in  their  output,  and  offered  to  sur- 
render the  indentures  of  all  their  apprentices 
who  chose  to  leave  their  service.  The  pecu- 
liarly trying  position  of  John  Mercer  led  him 
to  accept  the  offer  ;  his  indenture  was  can- 
celled, and  for  a  time  he  abandoned  the 
calling  of  a  colour-mixer  and  returned  to  his 
original  occupation  of  a  hand-loom  weaver. 
Although  this  employment  was  not  in  harmony 
with  Mercer's  tastes,  yet  he  applied  himself 
to  make  improvements  in  it,  and,  surprised 
his  friends  by  his  ingenious  devices  for  weav- 
ing stripes,  checks,  and  designs.  His  work 
made  with  a  coloured  weft  of  blue  or  red  was 
much  admired.  His  leisure  hours  were  chiefly 
given  to  music  and  to  the  study  of  mathe- 
matics. 

It  was  at  this  period  he  received  valuable 
assistance  in  his  mathematical  studies  from 
Mr.  Lightfoot  (to  whom  reference  has  already 
been  made),  the  father  of  the  two  well-known 
calico  printers,  the  late  Mr.  Thomas  Light- 
foot  and  Mr.  John  Lightfoot,  both  of  Ac- 
crington.     Mr.   Lightfoot  was   the  excise 
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surveyor  for  many  years  at  the  Oakenshaw 
Print  Works,  and  subsequently  at  the  Broad 
Oak  Print  Works,  Accrington.  His  principal 
duty  consisted  in  ascertaining  the  quantity  of 
goods  turned  out  at  the  print  works,  printed 
calicos  being  then  subject  to  an  excise  duty 
of  threepence  per  yard.  Eecognising  John 
Mercer's  natural  abilities,  Mr.  Lightfoot  took 
a  lively  interest  in  him,  which  ripened  into 
mutual  and  abiding  friendship.  The  assist- 
ance which  he  rendered  to  Mercer,  both  in 
tuition  and  in  friendly  counsel,  was  gratefully 
remembered  and  acknowledged  by  Mercer  to 
his  last  days. 
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CHAPTER  II. 

A  FRESH  START  IN  LIFE. 

After  a  couple  of  uneventful  years,  we  are 
brought  to  an  important  period  in  the  hfe 
of  John  Mercer — namely,  from  his  twenty- 
second  to  his  twenty-fourth  year.  Like  most 
successful  men,  he  could  look  back  to  an 
epoch  in  his  life  when  some  circumstances 
occurred  which  gave  him  fresh  impetus, 
fixity  of  principle,  and  made  an  impress  on 
his  subsequent  life  and  labours.  Such  was 
the  period  at  which  we  are  now  arrived. 
Three  circumstances  happened  about  the 
same  time  to  raise  him  up  to  a  higher 
sphere,  each  to  exert  its  own  special  in- 
fluence, and  all  combining  to  form  the  man 
— the  man  of  large  mind,  vigorous  action,  and 
wide  sympathy,  who  was  the  admiration  of 
all  his  acquaintance.    These  were,  first,  his 
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being  led  to  take  decided  views  on  the  subject 
of  religion ;  next,  his  matrimonial  engage- 
ment ;  and  the  third,  his  first  insight  into  the 
science  of  chemistry. 

In  the  year  1813  he  became  deeply  con- 
vinced of  the  truth  of  the  Christian  religion, 
and  of  the  Divine  authority  of  the  Holy 
Scriptures.  In  after  years,  when  accustomed 
to  study  and  speculate  deeply  about  '  things 
that  are  seen '  with  the  mind  of  a  true 
philosopher,  he  never  overlooked  the  reality 
and  greater  importance  of  '  things  which  are 
unseen.'  He  regarded  the  latter  as  the  neces- 
sary correlative  of  the  former.  Concerning 
material  things  and  the  forces  which  influence 
them,  he  heartily  assented  to  the  complete 
couplet — 

All  are  but  parts  of  one  harmonious  whole, 
Whose  body  nature  is,  and  God  the  soul ; 

not  sympathising  with  some  philosophers  who 
ignore  the  last  four  words,  as  pertaining  to  a 
subject  with  which  the  student  of  physical 
science  has  no  concern.  His  religion  was 
of  an  unobtrusive  kind,  but  he  was  never 
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ashamed  of  it.  Like  Faraday,  and  a  host  of 
distinguished  philosophers  too  numerous  to 
mention,  he  was  always  ready  to  give  an 
answer  to  every  man  that  asked  him  a  reason 
of  the  hope  that  was  in  him.  His  faith  was 
of  that  genuine  kind  defined  by  the  inspired 
apostle  as  the  substance  (to  his  affections)  of 
things  hoped  for,  and  the  evidence  (to  his 
understanding)  of  things  unseen  ;  '  head  '  and 
'  heart '  both  fulfilling  their  proper  functions. 
In  manner  of  public  worship  he  preferred  the 
services  of  the  Wesleyans,  whom  he  joined 
about  this  time,  and  soon  became  an  active 
and  influential  member  of  that  body.  One  of 
the  earliest  of  his  efforts  to  be  useful  in  ad- 
vancing the  cause  of  true  religion  was  by  open- 
ing a  Sunday-school  at  Oakenshaw,  the  first 
in  that  village,  which  he  carried  on  with  the 
assistance  of  a  few  friends  from  Harwood.  At 
the  latter  place,  about  seven  years  afterwards 
(1821  or  1822),  he  erected  a  building  which 
was  for  many  years  used  as  the  Wesleyan 
chapel.  Although  a  Wesleyan,  he  was  not  a 
Nonconformist  in  the  proper  acceptation  of 
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that  word.  He  appreciated  the  services  of 
the  Church  of  England  ;  and,  hke  most  Wes- 
leyans  of  his  youthful  days,  particularly  in 
country  parishes,  where  the  church  was  sup- 
plied with  a  faithful  minister,  he  regarded 
the  chapel  services  rather  as  supplementary 
to  those  of  the  church  than  as  substitutive. 
He  recognised  the  importance  of  the  Estab- 
lished Church  as  the  church  of  the  people, 
and  realising  his  responsibility  as  an  em- 
ployer of  labour,  he  was  always  ready  to 
help  and  even  take  a  lead  in  projects  for 
church  extension.  Illustrations  of  the  prac- 
tical character  of  his  religion  will  appear  as 
we  proceed. 

His  matrimonial  engagement,  formed  about 
this  time,  was  an  event  on  which  Mr.  Mercer 
always  afterwards  looked  back  with  joyful 
gratitude.  The  object  of  his  choice,  Mary 
Wolstenholme,  was  a  very  superior  woman, 
of  high  Christian  attainments,  whose  praise 
was  on  the  lips  of  all  who  knew  her.  Their 
marriage  took  place  on  April  17,  1814. 
Mrs.  Mercer  was  distinguished  by  her  untiring 
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devotedness  to  the  welfare  and  comforts  of 
others.  To  her  faithful  discharge  of  conjugal 
and  maternal  duties  her  husband  and  her 
children  have  borne  noble  testimony.  Of  the 
influence  on  himself  of  her  help,  counsel,  and 
sympathy,  none  but  her  husband  could  tell ; 
but  he  used  to  say,  '  I  may  thank  her,  under 
God,  for  all  I  am  and  all  I  have.' 

In  1813,  Mercer  resumed  operations  in 
dyeing,  which  he  carried  on  conjointly  with 
weaving.  He  succeeded  in  making  a  profit- 
able application  of  the  imperfectly  spent 
materials  of  the  print  works,  wdiich  he  pur- 
chased at  a  low  price.  With  these  and  other 
articles  he  could  produce  a  variety  of  colours, 
but  as  yet  he  had  obtained  scarcely  any  in- 
formation respecting  the  chemical  nature  of 
the  materials  with  which  he  operated. 

A  few  days  prior  to  his  marriage  a  little 
incident  occurred,  to  which  Mercer  .  always 
attached  a  lively  interest,  as  a  new  starting- 
point  in  his  industrial  Hfe.  Being  at  Black- 
burn (where  he  had  gone  to  procure  his 
marriage  licence),  his  attention  was  attracted 
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to  a  second-hand  bookstall  in  the  market- 
place, at  which  he  was  led  to  make  several 
purchases.  His  selection  was  much  approved 
of  by  the  old  vicar.  Among  these  books  was 
'  The  Chemical  Pocket-book,  or  Memoranda 
Chemica,  arranged  in  a  compendium  of 
Chemistry,  by  James  Parkinson,  of  Hoxton, 
1803/  This  was  his  first  systematic  book  on 
chemistry.  He  had  just  before  received  from 
Mr.  Lightfoot  a  manuscript  copy  of '  The  Tables 
of  New  Nomenclature,  proposed  by  Messrs. 
De  Morveau,  Lavoisier,  Bertholet,  and  De 
Fourcroy,  in  1787,'  but  the  tables  in  this  little 
book  were  not  calculated  to  be  of  much  service 
to  one  with  so  little  previous  knowledge  of  the 
subject.  He  used,  therefore,  to  point  to  Park- 
inson's '  Chemical  Pocket-book'  as  his  first 
book  on  chemistry.  He  studied  it  with  great 
interest.  '  It  introduced  me,'  he  has  recorded, 
'  into  a  new  world.  I  devoured  it.'  He  soon 
saw  the  importance  of  a  knowledge  of  che- 
mistry to  the  dyer  and  calico-printer,  both  to 
direct  him  in  searching  for  improvements  and 
to  assist  him  in  discovering  the  causes  of 
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unexpected  failure ;  and  following  up  his 
reading  with  experiment,  after  a  while  he 
began  to  make  trials  with  special  reference  to 
the  improvement  of  his  own  art.  Ere  long 
his  experiments  led  to  successful  practical 
results. 

The  short  account  contained  in  the  book 
just  referred  to,  of  sulphide  of  antimony,  led 
Mercer  to  procure  some  of  the  native  sul- 
phide, and  experiment  upon  it  with  the  view 
of  applying  the  golden  sulphide  in  calico- 
printing.  After  many  experiments  he  at 
length  obtained  a  solution  of  antimony  in 
sulphide  of  sodium,  suitable  for  printing  on 
calico,  which  gave  the  bright  orange  sulphide 
when  the  cloth  was  passed  through  weak  sul- 
phuric acid.  This,  his  first  invention  of  im- 
portance in  calico-printing,  was  made  in  1817. 
Previous  to  the  introduction  of  this  colour 
no  good  orange  was  known  suitable  for  the 
calico  printer.  The  best  orange  was  made 
from  a  mixture  of  quercitron  yellow  and 
madder  red,  difficult  to  adapt  to  other 
colours  for  the  production  of  styles  suitable 
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for  the  demand  of  that  period.  Antimony 
orange  supplied  the  want.  It  is  in  itself  a 
fine  colour,  and  is  capable  of  being  combined 
and  interspersed  with  other  material^  to 
produce  a  great  variety  of  styles. 

An  incident  occurred  in  connection  with 
his  discovery  of  antimony  orange  which  led 
to  an  important  step  in  his  subsequent  course. 
By  the  advice  of  his  friend,  Mr.  Lightfoot, 
Mercer  offered  to  make  known  his  method  of 
producing  the  colour  to  Messrs.  Hargreaves, 
Dugdale,  and  Co.,  proprietors  of  the  Broad 
Oak  Print  Works,  Accrington.  He  had  an 
interview  with  Mr.  Hargreaves  on  a  Saturday, 
and  arranged  to  go  to  their  works  on  the 
following  Monday  to  give  the  necessary  in- 
structions. On  his  way  thither,  on  the  day 
appointed,  when  passing  through  Oakenshaw, 
he  was  met  by  Mr.  John  Fort,^  one  of  the 
proprietors  of  the  Oakenshaw  Print  Works, 
who,  after  some  conversation,  offered  him  the 
situation   of  experimental  chemist  at  their 

*  The  grandfather  of  Mr.  Fort,  who  now  resides  at  Read 
Hall. 
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colour-shop  for  five  years,  at  a  salary,  at  first, 
of  thirty  shillings  per  week.  Mercer  at  once 
accepted  the  offer ;  but  that  did  not  prevent 
his  going  to  the  Broad  Oak  Works  to  fulfil 
his  promise  to  exhibit  his  process  for  pro- 
ducing the  new  colour.  Mr.  Hargreaves  had 
made  up  his  mind  to  secure  Mercer's  services 
permanently,  and  manifested  great  disappoint- 
ment and  displeasure  when  he  was  informed 
of  the  engagement  which  Mercer  had  made 
that  morning  with  Mr.  Fort.  Mercer,  how- 
ever, pointed  out  tliat  Mr.  Hargreaves  had 
not  given  him  the  smallest  intimation  that  he 
desired  to  have  him  in  their  employ,  and  he 
himself  had  no  expectation  of  it,  seeing  that 
they  already  had  the  services  of  a  French 
chemist,  M.  Steiner.  Mr.  Hargreaves  ac- 
knowledged that  Mercer  had  acted  judi- 
ciously, and  he  himself  foolishly  in  not  en- 
gaging him  on  the  preceding  Saturday  ;  and  on 
parting  expressed  the  hope  that  he  would  find 
in  Mr.  Fort  a  good  master,  and  that  Mjc.  Fort 
would  find  in  Mercer  a  good  servant.  To  this 
incident  in  his  history  Mercer  used  to  refer, 
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as  an  illustration  of  the  important  influence 
which  a  very  trifling  circumstance  may  exer- 
cise on  the  whole  of  a  man's  subsequent  life, 
such  as  his  meeting  Mr.  Fort  while  on  his 
way  to  Broad  Oak.  The  promise  was  made 
to  Mercer,  that  if  his  newly  discovered  colour 
became  applied  successfully  at  Broad  Oak,  he 
should  receive  a  pecuniary  compensation.  It 
was  used  there  for  some  time  extensively,  with 
excellent  results ;  but  the  promise  made  to 
Mercer  was  overlooked ;  and,  though  such  help 
would  have  been  very  acceptable.  Mercer's 
liberal  and  frie  dly  disposition  prevented 
him  from  giving  Mr.  Hargreaves  a  reminder 
of  the  promise. 

The  day  following  the  interview  just 
described,  in  February  1818,  Mercer  entered 
the  service  of  Messrs.  Fort  as  experimental 
chemist  at  their  colour-shop,  the  place  where 
he  had  spent  some  time,  eight  years  pre- 
viously, under  very  different  circumstances 
(p.  13).  Finding  now  a  good  scope  for  his 
inventive  genius,  and  for  practical  application 
of  chemistry,  he  pursued  his  experiments  with 
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the  energy  and  discretion  which  together 
generally  lead  to  success.  He  first  worked 
with  antimony  orange,  and  introduced  a 
variety  of  ingenious  styles  in  connection  with 
that  colouring  material.  Thus,  for  example, 
by  exposing  cloth  printed  with  antimonial 
sulphide  to  weak  solution  of  copper  or  of 
lead,  he  obtained  various  shades  of  brown  and 
olive ;  for  a  white  discharge  on  the  orange,  he 
printed  solution  of  mercuric  chloride,  which 
produced  chloride  of  antimony,  free  sulphur, 
and  mercurous  chloride.  These  various  styles 
were  much  liked,  and  a  large  demand  existed 
for  them  for  some  years. 

But  Mercer  did  not  confine  himself  to 
searching  for  new  colours  and  inventing  new 
styles.  Although  in  many  dyeing  operations 
great  proficiency  had  been  attained,  even 
from  remote  ages,  yet  previous  to  the  time  at 
which  we  have  arrived  very  little  was  known 
of  the  chemistry  of  most  of  the  leading  pro- 
cesses. He  saw  that  the  want  of  this  know- 
ledge was  a  great  disadvantage.  Oftentimes 
loss  and  trouble  occurred  which  might  have 
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been  avoided  by  an  acquaintance  with  the 
chemical  characters  of  the  materials.  He  knew 
that  serious  failures,  which  often  occurred 
through  small  causes  very  difficult  to  discover 
without  such  knowledge,  might  be  traced  to 
their  origin,  and  thereby  the  recurrence  of 
such  accidents  be  prevented.  He  therefore 
zealously  availed  himself  of  the  best  oppor- 
tunities he  possessed  of  learning  the  chemical 
properties  of  his  various  materials ;  and,  con- 
sidering the  disadvantages  under  which  he  was 
then  placed,  his  progress  was  very  remarkable. 

At  this  early  period,  an  interesting  illus- 
tration is  presented  of  his  being  led  to  antici- 
pate subsequent  conclusions  of  experimental 
chemists,  in  opposition  to  views  then  univer- 
sally accepted.  It  relates  to  the  constitution 
of  white  indigo,  which  was  then  regarded  as 
deoxidised  indigo ;  blue  indigo  being  considered 
the  oxide  of  white  indigo.  Mercer  was  led  to 
the  conclusion  that  white  indigo  is  a  com- 
pound of  blue  indigo  with  hydrogen,  which 
was  proved  to  be  the  case  some  years  after- 
wards by  the  analyses  of  M.  Dumas  and  others. 
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In  Mercer's  experiments  with  combinations  of 
indigo  and  antimony  orange,  he  observed  that 
when  an  alkahne  sulphide  containing  excess  of 
sulphur  is  mixed  with  solution  of  white  indigo, 
a  precipitate  of  blue  indigo  is  produced  ;  but 
no  such  result  follows  the  admixture  of  the 
alkaline  7nonosulphide  with  similar  solution 
of  white  indigo.  Hence  he  concluded  that 
the  excess  of  sulphur  combined  with  the 
hydrogen  of  the  white  indigo  to  form  sul- 
phuretted hydrogen,  with  production  of  blue 
indigo.  (See  extract  from  a  letter  to  E.  War- 
ington  in  Appendix  II.) 

During  the  next  few  years  Mercer  suc- 
ceeded in  introducing  several  novel  styles  of 
calico  prints,  some  of  which  were  so  much 
liked  that  it  is  said  they  produced  for  a  time 
an  excitement  in  the  Manchester  market,  and 
the  demand  was  greater  than  the  Oakenshaw 
Works  could  supply.  But  his  most  interesting 
discovery  about  this  time  was  the  application 
of  chromate  of  potash.  Some  years  before 
tliis  he  had  procured  a  small  quantity  of 
that  article  for  experiment ;  but  its  cost  (ten 
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sliillings  and  sixpence  per  ounce)  was  then 
prohibitory  to  its  practical  application.  In 
1823,  Mr.  Fort  brought  to  Mercer  a  specimen 
of  French  printed  calico  of  madder  purple 
ground  with  a  bright  yellow  discharge ;  a 
novel  style  which  excited  much  curiosity. 
Mercer  at  once  suspected  the  yellow  to  be 
chromate  of  lead,  and  proved  this  to  be  the 
case  by  applying  chemical  tests. ^  As  his 
previous  small  experiments  with  a  view  of 
obtaining  similar  work  were  encouraging,  his 
firm  procured  from  Mr.  Andrew  Kurtz,  the 
first  manufacturer  of  chromate  of  potash  on 
the  large  scale,  one  hundredweight  of  impure 
yellow  chromate,  the  price  at  that  time  being 
eight  shillings  per  pound.  It  was  then  only 
used  for  preparing  bright  chrome  yellow  for 
carriage  and  similar  decoration.  Mercer  soon 
ascertained  the  right  method  of  applying  chro- 
mate of  lead  to  calico  ;  first  printing  the  lead 
material  in  the  form  of  acetate  or  nitrate, 

^  He  says,  '  I  found  "  sulphuret  of  lime "  changed  the 
yellow  to  black,  and  muriate  of  tin  discharged  the  colour, 
showing  it  was  not  obtained  from  quercitron  bark  or  Persian 
berries.' 
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next  transforming  this  to  sulphate  by  sulphate 
of  soda,  and  afterwards  passing  the  cloth 
through  the  solution  of  chromate  of  potash. 
By  the  addition  of  an  alkali  he  obtained  the 
orange  subchr ornate  of  lead.  A  fine  field 
was  then  opened  for  the  interspersion  and 
admixture  of  these  with  other  colours,  which 
Mercer  pursued  with  vigour  and  success.  He 
soon  brought  out  styles  having  designs  of 
chrome  yellow  or  chrome  orange  on  variously 
coloured  grounds  ;  and  also,  for  foreign 
markets,  chrome  yellow  and  orange  grounds 
with  designs  in  various  colours.  Soon  after 
the  purchase  of  the  first  hundredweight  of 
the  chromate  of  potash,  two  men  were  sent 
down  from  London  to  Oakenshaw,  by  the 
manufacturer,  to  get  information  respecting 
this  new  application.  Mr.  Fort  freely  gave 
them  the  required  information,  and  they  com- 
municated it  to  other  calico-printers,  by  whom 
it  was  readily  adopted.  From  that  time  the 
manufacture  and  applications  of  chromate  of 
potash  developed  with  great  rapidity,  and 
with  reasonable  reduction  in  its  price. 
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For  a  time,  Mercer  used  the  chromate  of 
potash  only  for  the  production  of  the  chro- 
mates  of  lead,  alone  or  mixed  with  other 
colours ;  but  ere  long  he  discovered  that  the 
oxidising  property  of  chromic  acid  (or  of  a 
mixture  of  chromate  of  potash  with  sulphuric 
acid)  rendered  it  capable  of  another  important 
application,  namely,  that  of  a  '  discharging 
material.'  As  such,  it  was  found  to  be  spe- 
cially suitable  for  indigo.  The  following  may 
be  given  as  illustrations  of  his  earliest  pro- 
ductions of  works  of  this  kind  : 

To  obtain  a  white  design  on  a  blue  ground, 
cloth  dyed  with  indigo  in  the  usual  way  was 
'  padded '  in  solution  of  bichromate  of  potash, 
dried  at  ordinary  temperature  in  the  shade, 
and  printed  with  a  discharge  containing  sul- 
phuric and  oxalic  acids.  Free  chromic  acid 
was  thus  produced,  which  oxidised  and 
bleached  the  indigo. 

To  obtain  a  white  design  on  a  green 
ground,  pale  indigo-dyed  calico  was  padded 
with  a  mixture  of  bichromate  of  potash  and 
acetate  of  alumina,  and  then  printed  with  a 
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mixture  of  sulphuric  and  tartaric  acids.  The 
indigo  was  discharged  as  well  as  the  alu- 
minous mordant.  By  next  dyeing  the  cloth 
in  liquor  of  quercitron  bark,  the  desired  re- 
sult was  obtained.  Mercer  worked  with  great 
success  on  the  various  applications  of  the 
chromate  as  a  discharging  material,  and  intro- 
duced a  variety  of  new  styles,  which  for  some 
years  met  with  a  large  demand.  But  a  de- 
tailed account  of  these  would  now  be  unin- 
teresting. 

Among  the  numerous  applications  of 
chemistry  to  calico-printing  made  about  this 
period,  that  of  manganese  bronze,  introduced 
by  Mercer  in  1823,  takes  a  prominent  place. 
He  has  left  on  record  that  his  attention  was 
first  directed  to  this  subject  some  time  pre- 
viously by  the  dark  brown  glaze  on  the 
coarse  earthenware  pots  made  at  a  pottery  in 
his  neighbourhood.  He  ascertained  that  this 
dark  colour  was  obtained  by  the  addition  of  a 
mineral  known  as  '  mangs '  (manganese)  to  tlie 
materials  for  the  glaze  (clay  and  lead-ore). 
The  question  occurred  to  him — seeing  such  a 
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colour  can  be  obtained  by  fire  in  tlie  dry  way 
— may  not  something  similar  be  obtained  in 
the  wet  way?  It  is  very  doubtful  whether 
such  reasoning  would  have  occurred  to  him 
in  after  years,  when  he  became  better  ac- 
quainted with  the  chemical  properties  of 
the  materials  used  for  the  glaze  ;  however, 
he  accordingly  procured  some  of  the  mineral 
(peroxide  of  manganese)  and  set  to  work  to 
obtain  a  neutral  solution  of  the  sulphate. 
He  first  used  dilute  sulphuric  acid  mixed 
with  sugar,  as  the  solvent ;  and,  after  a  short 
time,  found  that  when  cloth,  impregnated 
with  that  solution,  was  passed  through  caustic 
soda  liquor  and  exposed  to  the  air,  it  became 
dark  brown,  by  the  formation  of  a  higher  oxide 
of  manganese.  This  soon  took  an  important 
place  as  a  new  colouring  material.  Mercer 
afterwards  greatly  improved  his  method  of  ob- 
taining sulphate  of  manganese  by  reducing  the 
native  peroxide  to  protoxide  previous  to  mix- 
ing it  with  sulphuric  acid.  He  effected  the 
reduction  by  heating  in  iron  retorts  (such  as 
are  used  for  wood  distillation)  a  mixture  of  the 
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ground  peroxide  with  small  coal.  While  this 
calcined  oxide  was  being  mixed  with  dilute 
sulphuric  acid,  he  added  a  small  quantity  of 
ground  peroxide.  This  served  to  peroxidise 
any  ferrous  sulphate  which  would  otherwise  be 
present ;  after  saturation,  chalk  was  added  to 
precipitate  peroxide  of  iron.  He  thus  obtained 
a  neutral  solution  free  from  iron.  Another  sub- 
sequent improvement  was  the  use  of  a  weak 
solution  of  bleaching  powder  to  effect  the  in- 
stantaneous peroxidation  of  the  protoxide  of 
manganese  precipitated  on  the  cloth;  instead 
of  the  slower  method  of  exposure  to  the  air. 

An  important  field  for  experiment  was 
now  presented  to  Mercer  in  the  combination 
and  inter spersion  of  other  colours  with  the 
new  bronze  ground.  For  a  white  discharge, 
he  used  tartaric  acid  (hanging  the  cloth  for  a 
day  or  two) ;  also  acid  protochloride  of  tin ; 
and  by  the  combination  of  the  latter  with 
various  colouring  materials  he  obtained  pat- 
terns on  the  bronze  ground  of  red,  orange, 
yellow,  blue,  green  and  black.  Some  of  these 
styles,  for  a  time,  met  with  a  large  demand. 
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One,  which  included  chrome-yellow  designs 
on  the  bronze  ground,  was  much  inquired  for  ; 
also  a  dark  green,  obtained  by  first  dyeing 
the  cloth  pale  blue  and  afterwards  bronze 
(or  the  reverse  order),  which  was  a  special 
favourite  with  Quakers.  A  style  containing 
a  '  half  discharge '  of  the  manganese  bronze, 
obtained  by  means  of  arsenite  of  soda,  was 
very  popular.  Mercer  made  the  observation 
that  when  a  solution  of  that  compound, 
thickened  with  gum,  is  printed  on  the  man- 
ganese bronze  ground,  the  colour  is  reduced 
to  a  very  uniform  '  half  shade ' ;  however 
much  of  the  arsenite  is  applied  there  is  no 
complete  decolouration,  nor  are  there  any 
irregularities.  No  other  deoxidising  agent 
was  discovered  by  which  a  similar  effect 
could  be  obtained.^  Mercer  has  remarked, 
'  By  labour  and  perseverance  I  was  enabled 
to  give  a  great  number  of  changes  and  new 
faces  to  the  bronze  style.'  By  giving  it  occa- 
sionally slight  modifications  or  '  new  faces,' 
this  style  maintained  its  popularity  for  several 

^  This  interesting  observation  suggests  the  formation  of  a 
definite  arseniate  of  manganic  oxide. 
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years.  It  has  reappeared  at  various  times, 
with  more  and  more  dehcate  accompani- 
ments, taking  a  good  position  about  every 
ten  years,  the  processes  practised  at  the 
print-works  being  essentially  the  same  as 
Mercer's.  The  bronze  style  was  in  large 
demand  three  or  four  years  ago. 

A  discovery  which  Mercer  made  in  1823, 
relating  to  the  use  of  indigo,  deserves  notice 
here.  This  was  the  use  of  metallic  tin  as  a 
deoxidising  agent  for  the  conversion  of  blue 
to  white  indigo.  By  simply  heating  indigo 
in  caustic  alkaline  liquor  in  contact  with 
metallic  tin,  lie  obtained,  with  great  facility, 
a  solution  of  white  indigo  which  admitted  of 
a  variety  of  useful  applications.  This  solu- 
tion, simply  thickened  with  gum  and  mixed 
with  tartaric  acid,  was  printed  on  the  cloth 
and  exposed  to  the  air  to  become  blue  by 
oxidation ;  or,  to  obtain  a  deeper  colour,  the 
above  solution  was  neutralised  by  an  acid, 
the  sediment  was  mixed  with  protochloride  of 
tin,  thickened  and  printed,  and  the  cloth  after- 
wards passed  quickly  through  alkaline  liquor 
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to  redissolve  the  indigo  material.  The  tin 
solution  of  indigo  was  made  use  of  by  Mercer 
in  a  variety  of  ways  for  several  years,  until 
it  was  gradually  superseded  by  improved 
methods  of  applying  Prussian  blue. 

The  useful  application  of  materials  pre- 
viously wasted,  and  methods  of  completely  ex- 
tracting organic  colouring  matters  from  their 
various  crude  derivatives,  received  Mercer's 
attention  from  his  first  connection  with 
dyeing  and  calico-printing.  His  success  in 
this  direction  when  a  young  man  has  already 
been  referred  to  (page  14).  An  interesting 
example  of  the  service  he  thus  rendered  his 
employers  is  his  treatment  of  cochineal, 
which  he  introduced  in  1824  or  1825.  He 
ascertained  that  by  the  usual  mode  of  ex- 
tracting the  colouring  principle  of  that 
material,  practised  until  then  (that  is,  simply 
digesting  in  hot  water),  fully  one-third  of  the 
valuable  colouring  matter  remained  in  the 
dregs  undissolved,  and  was  therefore  wasted. 
This  was  a  very  important  matter,  consider- 
ing the  high  price  of  cochineal  (ten  shillings 
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or  upwards  per  pound).  Mercer  discovered 
that  by  the  addition  of  a  neutral  alkahne  oxa- 
late to  the  water,  the  whole  of  the  colouring 
matter  can  be  dissolved  without  difficulty.  In 
the  Appendix  (§  III.)  will  be  found  a  detailed 
account  of  the  method  of  making  cochineal 
liquor  pursued  at  Oakenshaw.  Although 
Messrs.  Fort  communicated  this  improvement 
to  a  few  friends  in  the  same  business  (who  after- 
wards used  it  regularly),  it  was  not  generally 
known  in  the  trade  for  many  years.  About 
twenty  years  afterwards,  a  French  chemist 
came  to  this  country  to  induce  calico-printers  to 
take  up  his  new  method  of  exhausting  cochi- 
neal. When  visiting  the  Oakenshaw  Works, 
however,  he  discovered  that  he  had  long  been 
forestalled  by  Mercer.  The  method  of  the 
French  chemist  was  similar  in  principle,  but 
somewhat  more  complicated,  and  not  more 
effective.  The  same  solvent  (a  solution  of  a 
neutral  alkaline  oxalate)  was  also  used  by 
Mercer  for  dissolving  the  colouring  matter  of 
lac.  He  made  the  observation  that  its  solvent 
power  on  that  material  is  '  very  remarkable.' 
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CHAPTEE  III. 

PROGEESS  AT  THE  OAKENSHAW  WORKS. 

The  important  services  which  Mercer  thus 
rendered  his  employers  received  a  just  recog- 
nition in  his  being  admitted  into  partnership 
in  the  year  1825.  This  connection  continued 
until  the  retirement  from  business  of  the 
principal  partners  in  the  year  1848.  By  thus 
securing  a  continuance  of  Mercer's  services, 
the  firm  maintained  a  high  position  and  be- 
came very  prosperous;  notwithstanding  the 
great  impediment  which  then  existed  to  the 
development  of  the  art  of  calico-printing  in 
the  odious  excise  duty  of  threepence  per 
square  yard  on  all  printed  calicos.^ 

While  thus  actively  engaged  in  his  tech- 
nical work,  Mercer  found  time  for  studying 

*  The  abolition  of  this  duty  in  the  year  1831,  and  the 
increased  manufacture  of  cotton  cloth  about  the  same  time, 
gave  a  great  impetus  to  calico-printing  in  this  country. 
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scientific  subjects  of  a  wider  range.  The 
mathematical  bent  of  his  mind  led  him  to 
take  a  deep  interest  in  astronomy ;  his  inde- 
pendence and  comprehensiveness  of  thought 
sometimes  leading  him  to  ingenious  specula- 
tions and  theories.  In  the  year  1835  he 
wrote,  '  My  imperfect  acquaintance  with  the 
astronomical  observations  of  others  '  (referring 
especially  to  French  astronomers)  '  prevents 
me  from  giving  them  proper  attention  and 
following  them  up.  I  spend  much  time  on 
something  which  I  think  new,  and  then  all  at 
once  some  time  after  I  find  the  idea  or  theory 
is  not  new.  Sometimes  it  is  accepted  as 
sound,  and  sometimes  rejected  as  unsound  or 
doubtful.'  Whatever  might  be  the  subject 
under  his  consideration,  he  always  aimed  at 
reaching  abstract  principles,  and  loved  to 
trace  the  harmony  of  the  various  forces  of 
nature. 

Of  chemical  books,  after  his  primer,  to 
which  we  have  already  referred,  he  studied 
Chaptal's  '  Elements  of  Chemistry,'  and  Thom- 
son's '  System  of  Chemical  Philosophy.'  He 
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was  much  interested  in  questions  relating  to 
theoretical  chemistry ;  not  like  many  experi- 
menters of  that  day,  who  were  accustomed  to 
pass  on  from  fact  to  fact  without  attempting 
to  deduce  general  principles ;  nor  was  he,  on 
the  other  hand,  one  who  would  accept  a  theo- 
retical principle  as  if  it  were  a  fact,  without 
considering  all  the  evidences  and  bearings.  His 
laboratory  experiments,  whether  with  a  tech- 
nical object  or  for  scientific  research,  were 
usually  suggested  by  some  conception  or  idea 
in  his  own  mind  ;  and  his  endeavour  was  to 
reduce  isolated  facts  as  far  as  possible  to 
general  laws.  He  had  a  remarkable  com- 
prehensiveness that  enabled  him  to  see  all 
sides  of  a  subject,  to  perceive  its  bearings, 
and  to  trace  its  results.  It  was  probably  this 
feature  that  chiefly  impressed  his  chemical 
friends.  A  distinguished  chemist,  writing  to 
him  in  the  year  1846  to  ask  his  opinion  re- 
specting a  new  theory  which  he  was  about  to 
publish,  said,  '  I  know  of  nobody  that  can  see 
the  bearing  of  an  important  discovery  better 
than  yourself.' 
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As  might  be  expected  from  tlie  circum- 
stances in  which  Mercer  was  placed,  the 
outcomings  of  his  fruitful  mind  were  more 
frequently  of  a  technical  than  of  a  purely 
scientific  character.  Of  the  latter,  interesting 
examples  will  appear  as  we  proceed ;  but  as 
our  sketch  of  his  future  work  must  be  to  a 
great  extent  chronological,  most  of  the  results 
of  his  labours  which  we  have  next  to  notice 
are  of  a  technical  character. 

It  is  probable  that  half  a  century  ago  the 
position  of  a  chemist  at  calico-printing  works 
was  far  more  onerous  and  difficult  to  fill  than 
it  is  at  present.  At  that  time,  his  materials 
were  for  the  most  part  supplied  in  a  crude 
state,  requiring  careful  treatment  in  a  great 
variety  of  ways,  to  adapt  them  for  their 
various  uses  ;  whereas  now  he  obtains  a  large 
nilmber  of  colouring  materials  specially  pre- 
pared by  chemical  colour  manufacturers,  ready 
for  his  various  requirements,  according  to 
simple  rules.  In  the  preparation  of  such 
materials  ('specialties'),  the  principle,  in  fact,  of 
subdivision  of  labour  lias  been  largely  carried 
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out  as  a  necessity,  and  the  results  have  proved, 
in  these  as  in  most  other  instances,  highly- 
beneficial  to  both  the  consumer  and  the 
manufacturer,  i'ifty  years  ago,  however,  the 
case  was  different.  Much  labour  was  then 
necessary  to  ascertain  the  chemical  characters 
of  the  various  materials,  and  to  deduce  there- 
from, as  far  as  possible,  general  principles  for 
guidance  in  the  various  operations  ;  and  al- 
though the  practice  of  the  present  day  differs 
to  a  large  extent  from  that  of  the  old  printers, 
yet  it  may  be  said  that  in  many  respects  the 
present  workers  reap  the  fruits  of  the  labours 
of  John  Mercer  and  others  of  his  day. 

As  soon  as  he  became  acquainted  with  the 
doctrine  of  chemical  equivalents,  he  adopted 
a  plan  of  working  in  his  laboratory  and  colour- 
shop  which  is  probably  not  so  fully  carried 
out  in  the  present  day  as  is  desirable — namely, 
that  of  having  the  strengths  of  his  various 
solutions  of  chemicals  adjusted  to  a  simple 
relation  to  their  chemical  equivalents.  We 
refer  to  the  solutions  for  the  colour-shop,  and 
for  the  general  experimental  work  of  the 
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laboratory ;  not  to  solutions  for  volumetric 
analyses,  which  are  made  of  special  strengths 
for  special  objects.  For  general  work,  the 
same  volume  of  his  different  chemical  solu- 
tions contained  either  the  equivalent  or  a 
simple  fraction  or  multiple  of  the  equivalent. 
In  describing  his  system  in  a  letter  to  a 
friend,  he  wrote :  '  In  my  branch  of  business, 
in  adjusting  the  strength  of  my  liquors,  I  have 
always  had  an  eye  to  the  gallon  (10  lbs.  of 
water),  so  as  to  have  in  a  gallon  one  equi- 
valent, or  "  atom  "  as  I  call  it,  or  two  "  atoms 
or  more,  according  to  the  material.  For  a 
calico-printer,  there  are  no  numbers  so  con- 
venient as  Thomson's  (oxygen  being  1-0),  con- 
verted into  ounces  avoirdupois.  By  the  ex- 
pression "  one  atom,"  I  therefore  mean  the 
number  of  ounces  on  the  oxygen  scale ;  and 
I  generally  have  that  quantity  in  a  gallon  of 
liquor.'  A  gallon  of  sulphate  of  copper 
solution  would  therefore  contain  15^  ounces; 
that  of  acetate  of  lead  2 of  ounces;  his 
nitrate  of  copper  solution  was  of  sp.  gr. 
12°  Twaddell,  containing  4  ounces  of  metallic 
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copper  per  gallon;  his  solution  of  bleaching 
powder  (about  sp.  gr.  10^°  Tw.)  contained 
4-|  ounces  of  available  chlorine  per  gallon. 
Those  few  materials  which  it  was  desirable  to 
use  in  a  much  stronger  form  were  also  ad- 
justed to  the  gallon:  sulphuric  acid,  for 
instance,  Mercer  used  for  general  purposes 
at  70°  Tw.,  at  which  strength  yL.  part  of  a 
gallon  contains  one  '  atom,'  or  6-^-  ounces  of 
concentrated  acid  (O.Y.).  For  measuring  his 
liquids  for  ordinary  work,  he  made  use  of  a 
peculiar  division  of  the  gallon,  which  he  found 
very  convenient,  and  to  which  we  shall  occa- 
sionally have  to  refer.  He  divided  the  im- 
perial gallon  into  16  parts  or  'gills'  (not 
therefore  the  common  gill),  and  each  '  gill ' 
into  16  parts,  which  he  designated  'spoons;' 
each  spoon  was  further  divided  into  16  parts. 

We  may  take  this  opportunity  of  noticing 
Mercer's  volumetric  process  for  testing  bleach- 
ing powder  and  bichromate  of  potash,  which 
he  devised  in  1827.  At  that  time  the  quality 
of  commercial  bleaching  powder  was  not  only 
very  inferior,  as  compared  with  the  present 
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manufacture,  but  subject  to  considerable 
variation,  to  the  great  inconvenience  of  the 
consumer.  Its  strength,  as  supplied  by  the 
manufacturer,  varied  from  14  to  25  per  cent, 
of  available  chlorine  ;  or,  as  Mercer  expressed 
it,  '  from  25  to  45  per  cent,  of  pure  dry 
chloride  of  lime,'  supposed  to  consist  of  1 
equivalent  of  chlorine  and  1  equivalent  of 
lime. 

The  principle  of  his  process  consists  in 
ascertaining  how  much  of  the  bleaching 
powder  or  bichromate  to  be  tested  is  required 
to  convert  a  given  quantity  of  pure  yellow 
prussiate  of  potash  to  red  prussiate,  indi- 
cated by  a  solution  of  ferric  salt :  '  53J  parts 
of  yellow  prussiate  thus  oxidised  represent 
respectively  1  part  of  oxygen,  4^  parts  of 
chlorine  or  8  parts  of  dry  chloride  of  Hme, 
and  ^\  parts  of  bichromate  of  potash.'  It 
will  be  obvious  that  this  test  may  be  applied 
in  various  ways.  Mercer's  original  measure 
was  a  2i-ounce  tube  similar  to  the  old 
alkalimeter,  but  with  four  graduated  columns 
for   refilling   when  necessary,  each  column 
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being  marked  with  the  percentage  of  pure 
'  chloride  of  hme.'  For  testing  the  various 
solutions  of  chloride  of  lime,  or  bleaching 
liquors,  used  at  the  works  he  used  a  10-ounce 
measure  having  four  graduated  columns  in- 
dicating the  number  of  ounces  of  '  chloride  of 
lime '  per  gallon,  from  half  an  ounce  to  twenty- 
four  ounces.  This  process  was  among  the 
earliest  examples  of  volumetric  analysis. 
Finding  it  of  great  utility.  Mercer  communi- 
cated it  to  those  of  his  friends  who  might 
derive  advantage  from  its  use,  but  no  account 
of  it  was  published  for  several  years  after-  • 
wards.  Some  particulars  of  the  manner  in 
which  this  test  was  subsequently  applied  at 
the  Oakenshaw  Works  in  testing  liquors  will 
be  found  in  the  Appendix  (§  lY.). 

The  improvements  which  the  fertile  genius 
of  Mercer  enabled  him  to  introduce  into  the 
Oakenshaw  Works  during  the  ten  or  twelve 
years  following  his  admission  into  partnership 
were  of  a  miscellaneous  character,  and  hardly 
admit  of  classification.    Some  of  these  proved 
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very  remunerative.  Among  these  improve- 
ments we  may  notice  the  following  : 

A  NEW  METHOD  OF  FIXING  PRUSSIAN  BLUE. 

Having  ascertained  that  the  peroxide  of 
iron  may  be  held  in  solution  by  means  of  tar- 
trate of  potash,  and  also  sugar,  in  presence  of 
excess  of  carbonate  of  soda.  Mercer  made  use  of 
a  mixture  of  such  a  solution  with  yellow  prus- 
siate  of  potash  as  a  means  of  applying  Prussian 
blue.  This  was  largely  used  previous  to  the 
introduction  of  '  steam  blue.'  '  I  first  added,' 
he  has  recorded,  '  sugar  or  tartar  to  red 
nitrate  of  iron,  then  carbonate  of  soda  until 
the  peroxide  of  iron  was  redissolved,  and  then 
yellow  prussiate  of  potash.  This  was  printed, 
and  the  cloth  run  through  dilute  sulphuric 
acid,  when  a  very  bright  Prussian  blue  was 
fixed  on  the  cloth.  I  also  added  to  the 
above  mixture  alkaline  solutions  of  arsenic 
and  antimony  to  obtain  various  shades  of 
green.' 
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A  NEW  OXIDISING  AGENT  FOR  CATECHU. 

In  1830,  or  thereabouts,  Mercer  discovered 
an  excellent  method  of  fixing,  by  oxidation, 
the  colouring  principle  of  catechu.  Though 
used  in  the  East  as  a  brown  dyeing  material 
from  time  immemorial,  catechu  was  not  used 
in  calico-printing  until  about  the  year  1829, 
The  basis  of  the  colouring  matter  is  applied  in 
solution  to  the  cloth,  and  the  brown  colour  is 
obtained  by  its  oxidation  in  the  fibre.  To 
promote  the  oxidation,  the  common  practice 
was  either  to  mix  with  the  catechu  liquor  some 
nitrate  of  copper  and  sal-ammoniac,  which 
by  '  ageing '  gave  an  olive  brown ;  or  else 
to  add  carbonate  of  potash,  which  by  steam- 
ing gave  cinnamon  brown.  Mercer  had 
noticed  the  remarkable  property  possessed  by 
salts  of  manganese  of  promoting  oxidation  of 
substances  under  certain  circumstances,  even 
when  present  in  very  small  proportion.^  On 

1  Interesting  illustrations  of  this  property  of  salts  of 
manganese  will  be  found  in  a  subsequent  notice  of  Mercer's 
views  on  Catalysis,  in  a  paper  to  the  British  Association 
in  1842. 
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trying  the  effect  of  these  salts  on  catechu 
liquor,  he  found  that  the  oxidation  took  place 
with  great  facility,  the  manganese  salt  acting 
as  a  bearer  of  oxygen  from  the  air  to  the  basis 
of  the  colouring  matter.  The  salt  of  man- 
ganese preferred  by  Mercer  was  the  acetate  ;  or, 
better  still,  a  mixture  of  acetate  of  manganese 
and  acetate  of  lime.  After  steaming,  the 
catechu  was  found  '  beautifully  oxidised, 
giving  a  very  rich,  strong  colour,'  which  was 
distinguished  as  '  Eussell  brown.'  ^  For  dye- 
ing. Mercer  considered  this  superior  to  all 
other  methods  of  oxidising  catechu,  and  used 
it  until  the  stoppage  of  the  Works  at  the 
dissolution  of  partnership. 

APPLICATION  OF  SULPHOCYANIDE  OF  POTASSIUM. 

The  use  of  sulphocyanide  of  potassium  (or, 
rather,  hydrosulphocyanic  acid)  as  a  weak  de- 
oxidising agent,  capable  of  discharging  certain 

^  Not  a  great  compliment,  it  may  be  thought,  to  the 
distinguished  statesman,  who  was  then  so  deservedly  popular  ; 
but  it  may  be  placed  in  the  category  of  the  '  Wellington  '  and 
the  ^  brougham.' 

E  2 
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colours  without  affecting  others,  enabled  him  to 
obtain  some  very  peculiar  and  pleasing  styles, 
not  obtainable  by  other  means  then  known. 
One  of  his  applications  of  the  sulphocyanide 
(mixed  with  a  little  sulphuric  acid)  was  for 
discharging  manganese  bronze  without  in- 
juring blue,  or  interfering  with  subsequent 
dyeing  with  madder,  logwood,  &c.  It  is  not 
effectual  in  alkaline  liquors.  Mercer  con- 
tinued to  use  this  article  largely  as  a  deoxi- 
dising discharging  agent  in  various  ways  up 
to  the  time  of  the  dissolution.  Its  utility 
arises  from  its  being  effectual  when  mixed 
with  weak  acids,  and  from  leaving  no  metallic 
salt  on  the  cloth. 

NEW  APPLICATION  OF  EED  PRUSSIATE  OF 
POTASH. 

Mercer  made  the  interesting  discovery  in 
1835  that  a  mixture  of  red  prussiate  of  potash 
and  caustic  potash  might  be  advantageously 
applied  as  an  oxidising  agent.  In  the  pre- 
sence of  certain  reducing  or  deoxidising  sub- 
stances, the  caustic  potash  yields  oxygen  to 
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these  and  potassium  to  the  red  prussiate  ;  the 
latter  thereby  becoming  changed  to  yellow 
prussiate.  To  produce  the  various  results 
required  in  print-works,  it  is  necessary  that 
the  printer  should  have  oxidising  agents  of 
different  degrees  of  energy,  from  atmospheric 
air  to  free  chlorine.  The  above  mixture  was 
used  by  Mercer  as  an  oxidising  agent  of  mo- 
derate strength  with  great  success  in  a  variety 
of  ways.  He  found  that  it  oxidises  and  bleaches 
indigo,  cochineal  and  safflower,  but  that  it 
does  not  affect  madder  or  Persian-berry  yellow ; 
it  changes  Brazilwood  and  logwood  to  yellow. 
An  important  application  of  the  mixture  was  for 
discharging  indigo  when  associated  with  madder 
colours,  the  latter  remaining  unchanged. 

Instead  of  printing  on  the  dyed  cloth  a 
mixture  of  the  red  prussiate  with  the  caustic 
alkali.  Mercer  sometimes  applied  them  sepa- 
rately. Thus,  for  example,  to  obtain  a  de- 
sign in  red  and  white  on  a  blue  ground,  he 
padded  the  blue  cloth  in  solution  of  the  red 
prussiate  (which  by  itself  has  no  action  on 
the  indigo),  then  printed  caustic  soda  for  the 


54 


LIFE  OF  JOHN  MERCER. 


whites,  and  aliiminate  of  potash  for  the 
reds,  thickened  with  British  gum.  The  cloth 
was  next  passed  through  a  solution  of  sal- 
ammoniac,  and  lastly  dyed  with  cochineal. 
For  the  latter,  various  dyeing  infusions  were 
sometimes  substituted,  according  to  the  tints 
desired.  By  such  modifications,  very  pleasing 
effects  were  obtained.  But  the  improvements 
introduced  some  years  afterwards  in  steam 
colours  allowed  these  styles  to  be  closely 
imitated  with  less  durable  (or,  as  Mercer 
termed  them,  '  false  ')  colours,  at  a  lower  cost ; 
for  which  reason,  the  application  of  red  prus- 
siate  as  a  discharging  material,  though  very 
interesting  in  a  scientific  aspect,  was  not  long 
practised  extensively.  Mercer  remarked  in 
1847,  '  that  the  introduction  of  such  false 
colours  has  been  a  great  drawback  of  late 
years  to  the  introduction  of  novelties  in  durable 
colours,  unless  they  are  cheap  or  cannot  be 
imitated  by  steam  colours/  In  1847,  Mercer 
contributed  a  paper  on  the  oxidising  power 
of  red  prussiate  to  the  Chemical  Society,  which 
will  be  found  in  the  Appendix  Y.). 
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PEEPAEATION  OF  PROTOSULPHATB  OF  TIN. 

Neutral  protosulphate  of  tin  was  used  by 
Mercer  as  an  excellent  substitute  for  the  proto- 
chloride  in  cases  where  the  use  of  the  chloride 
was  objectionable.  No  convenient  method 
suitable  for  the  factory  was  known  of  preparing 
this  salt  in  a  neutral  state  without  admixture  of 
chloride.  Mercer  accomphshed  this  by  making 
use  of  a  solution  of  pure  sulphate  of  copper, 
which,  when  treated  with  metallic  tin,  gives  a 
precipitate  of  metallic  copper  and  a  solution 
of  protosulphate  of  tin.  This  excellent  method 
of  preparing  the  sulphate  was  devised  by 
Mercer  in  1829. 

In  1  gallon  of  warm  water  he  first  dis- 
solved 1  lb.  of  sulphate  of  copper,  added  2  lbs. 
of  finely  feathered  tin,  and  stirred  until  the 
copper  was  precipitated ;  then  added  1  lb. 
more  of  sulphate  of  copper,  agitating  as 
before,  and  afterwards  another  pound  of 
sulphate  of  copper  (making  a  total  of  3  lbs.). 
This  was  agitated  until  the  copper  was 
completely  precipitated.    He  thus  obtained 
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'  a  fine  neutral  solution  of  protosulphate  of 
tin  of  about  42°  Tw.,  containing  about  1^  lbs. 
of  tin  to  the  gallon.' 

A  more  recent  receipt  directs  4  lbs.  of 
sulphate  of  copper  to  1  gallon  of  cold  water, 
with  excess  of  feathered  tin ;  which  gives 
liquor  of  48''  Tw.,  containing  about  2  lbs.  of  tin 
to  the  gallon. 

Mercer  made  the  following  observations 
respecting  the  properties  of  the  solution  thus 
prepared : 

1.  It  (liquor  of42°Tw.)  will  stand  dilution 
with  twelve  times  its  volume  of  water  before 
a  precipitate  appears. 

2.  It  will  thicken  with  either  gum  or 
starch. 

3.  Steaming  does  not  cause  it  to  injure 
the  cloth. 

4.  Tartaric  acid  added  to  the  sulphate 
precipitates  most  of  the  tin  as  tartrate. 
Neutral  tartrate  of  potash,  not  in  excess, 
precipitates  the  tin  completely,  but  an  excess 
dissolves  the  precipitate.  When  filtered  and 
washed,  the  precipitate  is  soluble  in  a  very 
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small  quantity  of  alkali,  either  caustic  or 
carbonate. 

5.  Citrate  of  potash  precipitates  citrate  of 
protoxide  of  tin,  soluble  in  excess. 

6.  By  adding  excess  of  caustic  potash  or 
soda  to  a  mixture  of  protosulphate  of  tin  and 
sulphate  of  copper,  an  alkaline  solution  of 
peroxide  of  tin  is  produced  (a  stannate),  and 
a  fine  black  precipitate  containing  copper. 

7.  When  added  to  Persian-berry  yellow  it 
makes  a  very  fine  steam  discharge ;  on  buff 
ground  (peroxide  of  iron)  this  mixture  gives 
a  fine  yellow ;  a  part  of  the  protosulphate 
being  oxidised,  gives  the  stannic  oxide  neces 
sary  to  form  the  lemon  yellow. 

Protosulphate  of  tin  was  used  at  Oaken- 
shaw  for  making  the  protonitrate  and  the 
protoacetate,  by  double  decomposition  with 
the  respective  salts  of  lead  ;  and  the  proto- 
tartrate  by  precipitation  with  tartaric  acid, 
and  dissolving  the  washed  precipitate  in  an 
alkaline  tartrate. 

Among  some  pleasing  styles  which  Mercer 
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introduced  at  this  period  may  be  mentioned 
the  following : 

He  took  pieces  of  pale  blue  cloth  and  run 
them  over  three  '  ribbon  rollers  '  (a  description 
of  which  is  given  in  the  Appendix,  §  YI.),  the 
first  with  water,  the  second  with  steam  cochi- 
neal liquor,  the  third  with  steam  Pei'sian- 
berry  yellow  liquor;  the  pieces  were  next 
steamed  and  washed,  then  padded  in  neutral 
chromate  of  potash,  and  afterwards  printed 
with  an  acid  mixture  which  discharged  all 
three  colours.  The  result  was  blue,  purple, 
and  green,  in  shaded  stripes,  with  white  run- 
ning through. 

Another,  distinguished  as  the  '  Festival 
style,'  ^  was  produced  thus :  The  cloth  was 
first  printed  with  a  mixture  of  sulphate  of 
copper  and  sulphate  of  lead  known  as  '  yellow 
paste,'  and  with  STilphate  of  copper,  or  '  white 
paste,'  then  dyed  dark  blue ;  after  clearing, 
the  printed  parts  were  white.    The  cloth  was 

^  So  named  in  commemoration  of  the  first  Manchester 
Musical  Festival,  in  1827. 


PROGRESS  AT  THE  OAKENSHAW  WORKS.  59 


'  winced  '  in  a  mixture  of  carbonate  of  potash 
and  carbonate  of  ammonia,  by  which  the 
lead  sulphate  became  carbonated  ;  then  dyed 
pale  blue  ;  then  '  winced '  in  bichromate  solu- 
tion ;  and  lastly  passed  through  a  weak  acid 
liquor  (oxalic  and  sulphuric).  The  result 
was  a  brilhant  and  fast  yellow  and  a  pale 
blue,  on  a  dark-blue  ground. 

Another  style,  which  became  known  as 
'  Dole  yellow,'  ^  was  obtained  by  printing  on 
indigo  and  cochineal  colours  a  paste  contain- 
ing chromate  of  lead  with  other  materials. 
By  steaming,  the  indigo  or  cochineal  was 
discharged  and  replaced  by  a  fast  yellow 
No  preparation  or  chroming  was  necessary. 
This  style  was  produced  continuously  at 
Oakenshaw  up  to  the  time  of  the  dissolution. 
The  latest  receipt  for  Mercer's  '  Dole  yellow ' 
will  be  found  in  the  Appendix  VII.). 

In  1828  he  introduced  a  good  method  of 
producing  a  light  design  on  a  darker  ground, 

^  So  named  from  the  circumstance  of  its  introduction 
affording  employment  to  a  large  number  of  the  Oakenshaw 
operatives,  who  had  previously,  through  slackness  of  work,  been 
receiving  relief,  or  '  dole,'  from  the  firm. 
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which  was  extensively  used  at  the  Oakenshaw 
Works,  and  probably  might  be  found  useful 
at  the  present  time.  He  discovered  that  a 
mixture  of  acetate  of  lead  and  nitrate  of  lead 
in  their  single  equivalent  proportions  (16-|- 
parts  of  nitrate  and  19  parts  of  crystallised 
acetate)  dissolves  in  water  to  a  far  larger 
extent  than  either  of  these  salts  separately, 
forming  a  solution  which  is  practically  un- 
crystallisable.  According  to  Mercer,  a  gallon 
of  water  will  hold  in  solution  forty-five  pounds 
of  the  above  mixture ;  whereas,  separately, 
a  gallon  of  water  will  dissolve  scarcely  five 
pounds  of  nitrate  of  lead,  or  scarcely  four 
pounds  of  the  acetate.  The  first  practical 
application  which  he  made  of  this  discovery 
was  the  production  of  a  pattern  with  sulphate 
of  lead  deposited  within  the  fibre  of  cloth 
previously  coloured,  thus  producing  a  hghter 
shade ;  the  original  colour  being  only  weak 
ened,  not  discharged.  The  cloth,  already 
dyed  or  printed  with  almost  any  colour,  was 
printed  with  the  following  mixture  : 
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Acetate  of  lead,  6  lbs.  6  oz. ;  nitrate  of  lead, 
5  lbs.  10  oz.  ;  water  to  make  one  gallon,  with 
starcli  for  a  thickener  :  it  was  then  passed 
through  a  hot  solution  of  sulphate  of  soda. 
White  sulphate  of  lead  was  thus  deposited 
within  the  fibre,  weakening  the  colour  and 
giving  a  very  pleasing  effect.  Neither  the 
acetate  nor  the  nitrate  of  lead,  alone,  is 
sufficiently  soluble  to  allow  of  being  thus 
applied. 

Another  of  Mercer's  styles,  for  which 
there  was  at  this  period  a  large  demand,  was 
obtained  in  the  following  way  :  The  cloth 
was  passed  over  three  '  ribbon  rollers,'  the 
first  supplying  yellow  prussiate  of  potash, 
the  second  Brazilwood  liquor,  and  the  third 
Persian-berry  liquor,  thus  covering  the  whole 
of  the  cloth  and  also  overlapping.  The 
cloth  was  then  printed  by  block  with  a 
mixture  of  protochloride  of  tin  and  proto- 
sulphate  of  iron,  thickened  with  starch  ;  the 
result  was  blue  with  the  yellow  prussiate, 
yellow  with  the  berry  liquor,  and  red  with 
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the  Brazilwood  liquor ;  also  green,  orange, 
and  purple,  at  the  overlappings.  The  instan- 
taneous appearance  of  all  these  colours  on 
applying  the  block  was  very  striking.  The 
colour  of  the  unmordanted  parts  was  cleared 
by  washing  in  '  cool  bran.'  The  tin  salt 
prevented  the  protosulphate  of  iron  from 
'  sullying  '  the  colours. 

'  Myrtle  green '  was  a  combination  of 
chrome  orange  and  indigo.  The  cloth  was 
first  dyed  chrome  orange,  and  afterwards 
blue.  The  design  was  then  produced  in  blue, 
yellow,  or  white,  by  a  discharge  for  either 
one  or  both  of  the  colours.  Receipts  for 
some  of  the  discharges  used  at  Oakenshaw  for 
this  style  are  given  in  the  Appendix  (§  YIII.). 

Towards  the  close  of  the  period  comprised 
in  this  chapter.  Mercer  contrived  an  excellent 
method  of  dyeing  and  printing  merino  cloth  : 
a  black  ground,  with  designs  of  various 
colours.  If  the  merino  is  dyed  in  the  ordi- 
nary way  with  hot  liquors,  the  colouring 
material  becomes  too  strongly  attached  to 
the  fibre  to  admit  of  being  discharged  with 
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facility  by  '  discharge  colours ; '  that  is,  the 
mixtures  used  for  discharging  the  original 
ground  colour,  and  at  the  same  time  impart- 
ing another.  Mercer  conceived  the  ingenious 
idea  of  printing  the  discharge  colours  on  the 
black  or  dark  cloth  before  the  colourin^r 
matter  became  properly  attached  to  the  fibre. 
He  found  that  by  dyeing  the  cloth  in  cold 
liquors,  and  carefully  avoiding  the  apph ca- 
tion of  heat  until  after  printing  the  discharge, 
he  could  accomplish  the  desired  effect.  For 
dyeing  the  merino,  he  used  a  cold  infusion 
of  gall-nuts  with  crude  acetate  of  iron  and 
'  wood  acid.'  After  being  printed  with  the 
various  discharges,  the  cloth  was  put  on  the 
steam  roller  and  steamed  for  one  hour  ;  which 
not  only  effected  the  discharge  but  com- 
pleted the  attachment  of  the  original  ground 
colour.  Mercer  had  an  extensive  system  of 
discharge  colours  for  this  style,  comprising 
every  shade,  in  all  of  which  the  proper  dis- 
charging agent  was  oxalic  acid  and  oxalate  of 
ammonia,  in  conjunction  with  protochloride 
of  tin.    Several  selections  from  his  receipts 
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for  these  will  be  found  in  the  Appendix  (§  IX.). 
For  some  years  after  its  introduction  this 
style  was  in  good  demand,  and  proved  very 
remunerative.  It  excited  curious  inquiry  in 
the  trade  ;  but  Mercer,  with  his  usual  gene- 
rosity, did  not  keep  it  to  himself.  He  soon 
communicated  it  to  Messrs.  Wilks,  Jennings, 
and  Co. 
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CHAPTEE  lY. 

SOME  INVENTIONS  OUTSIDE  THE  FACTORY. 

During  the  period  in  which  Mercer  had  been 
making  the  special  improvements  in  his  art, 
which  are  described  in  the  preceding  chapter, 
his  attention  was  sometimes  given  to  subjects 
outside  the  colour-shop,  both  theoretical  and 
practical,  which  we  must  not  overlook.  To 
such  subjects  as  are  connected  with  specu- 
lative chemistry  we  shall  again  refer.  Here 
we  may  with  propriety  notice  two  inventions 
of  a  practical  character.  In  one  of  these  he 
rendered  an  important  service  to  the  medical 
practitioner — namely,  a  ready 

PROCESS  FOR  MAKING  ARTIFICIAL  MAGNETIC 
OXIDE  OF  IRON, 

in  a  light  form,  adapted  for  medicinal  use. 
Taken  in  the  precipitated  state,  washed,  but 
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not  dried,  this  was  regarded  as  a  valuable 
addition  to  the  Materia  medica.  It  is  said 
that  the  use  of  this  oxide  by  some  medical 
practitioners  was  so  successful  that  it  added 
largely  to  their  reputation.  Probably  the 
circumstance  of  its  being  in  a  solid  or  pre- 
cipitated form  has  hindered  it  from  being 
used  so  extensively  as  it  deserves. 

In  a  letter  Mercer  wrote  to  Mr.  Thomas 
Starkey  Thomson,  in  1841,  he  observes,  '  This 
substance  was  prepared  by  me  in  1831,  and 
in  1833  applied  extensively  as  a  medicine 
with  great  success.  Mr.  Gossage,  of  the 
Stoke  Prior  Alkali  Works,  who  was  staying 
with  me  at  that  time  for  a  few  days,  was  so 
impressed  with  its  value  as  a  medicine,  that, 
upon  his  return  home,  he  wrote  to  me  for  a 
quantity  of  it  to  send  to  his  friend  Dr.  Jepson, 
of  Leamington,  to  whom  I  forwarded  a  quan- 
tity, with  the  receipt  for  its  preparation,  and 
the  dose.  This  receipt  was  published  by 
Dr.  Jepson  and  given  away  among  his  friends. 
Dinneford  was  also  employed  to  make  it,  and 
was  an  agent  for  the  sale  of  it  in  Manchester.' 
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Mercer's  mode  of  preparing  this  oxide, 
as  communicated  by  Mr.  Thomson  to  the 
Chemical  Society  ('  Proceedings  of  the  So- 
ciety,' vol.  i.  p.  14),  was  the  following : 
'  Take  a  quantity,  say  one  pound,  of  the 
common  crystallised  protosulphate  of  iron, 
dissolve  it  in  water,  and  add  nitric  acid  in 
sufficient  quantity  to  peroxidise  it,  and  after- 
wards expel  carefully  all  excess  of  nitric  or 
nitrous  acid  by  boiling.  To  this  add  one 
pound  of  protosulphate  of  iron,  with  water 
sufficient  for  its  solution.  Pour  the  mixture 
into  a  solution  of  caustic  potash  sufficient 
in  quantity  and  strength  to  decompose  the 
whole,  and  then  boil.  The  precipitate  thus 
thrown  down  consists  at  first  of  a  mechanical 
mixture  of  the  protoxide  and  peroxide  of 
iron ;  raise  the  temperature  of  the  mixture 
to  212°  Fahr.,  and  their  chemical  union  is 
effected.  That  such  is  the  succession  of 
changes  is  proved  by  dipping  into  the  mix- 
ture previous  to  boiling  it  a  piece  of  clean 
cotton  cloth,  which,  after  exposure  to  the 
air  for  a  few  minutes  and  washing  in  water, 

F  2 
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exhibits  the  buff  stain  pecuhar  to  peroxide 
of  iron  precipitated  upon  cotton  fibre.  But 
if  this  is  done  after  the  boihng,  a  dirty  black 
stain  is  obtained  indicating  the  formation  of 
the  black  oxide.'  Mr.  Thomson  adds  :  '  This 
fact  is  further  proved  by  the  oxide,  after 
boiling,  having  a  crystalline  structure  when 
examined  under  the  microscope,  the  minute 
plates  having  a  brown  colour  and  being  trans- 
parent, although  the  edges  of  the  crystals  are 
not  sufficiently  defined  to  trace  the  form.' 

I  have  met  with  various  other  receipts  of 
Mercer's  for  the  preparation  of  this  oxide,  in 
all  of  which  the  precipitation  is  effected  by 
carbonate  of  soda  instead  of  caustic  alkali ;  or 
if  the  latter  is  used,  it  is  only  a  small  quantity, 
added  to  hasten  the  complete  combination  of 
the  two  oxides  towards  the  end  of  the  opera- 
tion. Another  modification  which  he  latterly 
adopted,  and  which  he  considered  improved 
the  oxide  as  a  medicinal  agent,  consisted  in 
increasing  the  proportion  of  ferrous  oxide  by 
using  three  parts  of  the  sulphate  in  the  ferrous 
state  to  two  parts  in  the  ferric  state. 
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This  process  presents  a  few  points  of 
interest  in  a  scientific  aspect,  even  at  the 
present  day.  For  instance,  it  appears  that, 
at  a  moderate  heat,  hydrated  ferric  oxide  is 
capable  of  decomposing  ferrous  carbonate 
with  expulsion  of  carbonic  acid.  That  such 
is  the  case  may  be  seen  by  first  adding  a  hot 
solution  of  carbonate  of  soda  in  slight  excess 
to  the  solutions  of  ferric  and  ferrous  sulphates 
separately,  and  then  mixing  the  muddy  liquors 
before  the  ferrous  carbonate  has  become  oxi- 
dised by  exposure  to  the  air.  On  applying 
heat,  more  carbonic  acid  gas  is  disengaged  ; 
the  two  oxides  unite  to  form  the  black  com- 
pound, which  readily  subsides.  It  may  be 
prepared  in  this  manner  entirely  free  from 
carbonate. 

Another  point  of  interest  is  the  relative 
proportion  of  the  two  oxides.  It  will  be  seen 
that  in  Mercer's  original  receipt  the  propor- 
tion is  not  adapted  to  produce  the  common 
magnetic  oxide,  FcsOs  +  FeO,  but  a  com- 
pound of  one  equivalent  of  ferric  oxide  with 
two  equivalents  of  ferrous  oxide ;  and  by  his 
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improved  process  a  compound  of  one  equiva- 
lent of  ferric  oxide  with  three  equivalents  of 
ferrous  oxide.  The  latter  compound  shows 
no  indication  of  the  presence  of  free  ferrous 
oxide.  It  retains  its  blackness  without  altera- 
tion after  prolonged  exposure  to  the  air.^ 

Another  interesting  feature  in  the  process 
is  that  it  presents  one  of  the  rare  cases  in 
which  rapid  chemical  combination  takes  place 
between  two  bodies  both  being  in  the  solid  state. 
Here  is  neither  fusion  nor  solution  to  bring 
the  molecules  of  the  oxides  into  actual  contact. 
The  particles  of  the  oxides,  moreover,  are 

^  In  some  chemical  books  it  is  assumed  that  Mercer's  oxide 
is  the  ordinary  magnetic  oxide,  and  that  the  deficient  oxygen 
is  supplied  by  the  decomposition  of  water  {Gmelin's  Handbook, 
vol.  V.  p.  193).  This  is  not  the  case.  W^hen  a  caustic  alkali 
is  used  for  the  precipitation,  no  gas  is  disengaged  while  the 
combination  takes  place,  as  that  assumption  would  necessitate 
(i,e.  hydrogen).  It  is  also  stated,  in  some  chemical  books,  that 
hydrated  ferrous  oxide  is  capable  of  decomposing  water  at  or 
under  a  boiling  temperature,  with  disengagement  of  hydrogen. 
This  is  incorrect. 

If  the  proportion  of  ferrous  oxide  is  increased  to  six 
equivalents  to  one  of  ferric  oxide,  complete  combination  of  the 
two  oxides  takes  place  on  boiling  the  mixture.  The  compound 
is  magnetic  and  almost  black.  On  exposure  to  the  air  it  retains 
its  colour  without  appreciable  change,  but  it  undergoes  a  very 
slow  partial  oxidation. 
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enveloped  in  water,  wMcli  undergoes  no 
chemical  change,  but  acts  merely  as  a 
mechanical  medium.  Does  not  this  show 
that  some  chemical  attractive  force  extends 
beyond  the  molecules?  It  is  probable  that 
when  combination  between  the  two  oxides 
has  once  commenced  at  one  spot,  the  peculiar 
magnetic  property  of  the  compound  would 
exert  some  influence  in  inducing  rapid  com- 
bination throughout  the  hot  mixture.^ 

With  reference  to  the  medicinal  use  of 
Mercer's  oxide,  we  may  observe  that  it  is  con- 
sidered much  more  efficacious  if  preserved 
and  used  in  the  moist  state  than  if  previously 

^  I  haye  observed  that  if  a  cold  mixtui'e  of  the  hydrated 
oxides,  precipitated  by  potash  or  soda,  is  added  by  degrees,  with 
agitation,  to  a  little  of  the  artificial  magnetic  oxide,  also  cold, 
combination  gradually  takes  place  ;  the  whole  becomes  nearly 
black  and  magnetic,  and  the  compound  retains  its  dark  colour 
on  exposure.  Without  the  admixture  of  magnetic  oxide,  the 
hydrated  oxides,  at  ordinary  temperatures,  of  course  remain 
a  mechanical  mixture.  It  is  well  known  that  if  ammonia  is 
used  (instead  of  potash  or  soda)  as  the  precipitant  for  the  mixed 
oxides,  combination  takes  place  in  the  cold  with  formation  of 
black  magnetic  oxide ;  but  in  such  case  the  ammoniaeal  salt 
which  is  formed  acts  as  a  solvent  of  the  ferrous  oxide,  and  thus 
becomes  the  medium  of  communication  between  the  two 
oxides.    No  such  solvent  action  occurs  with  potash  or  soda. 
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dried,  owing  to  its  assuming  a  gritty  form 
when  dried,  even  at  ordinary  temperatures. 
The  magnetic  oxide  of  iron  of  the  British 
Pharmacopoeia  (1865)  has  not  the  same  com- 
position as  Mercer's,  but  that  of  the  native 
black  oxide  (FcsOg  +  FeO) ;  it  is  ordered  to 
be  dried  at  a  temperature  not  exceeding 
140^  Fahr. 

Another  practical  application  of  his  che- 
mical knowledge  beyond  the  precincts  of  his 
factory  was  his 

METHOD  OF  BLEACHING  PALM  OIL. 

This  is  one  of  the  many  cases  which  might 
be  mentioned,  which  exhibit  Mercer's  readi- 
ness to  afford  assistance  and  advice  to  other 
manufacturers,  without  regard  to  pecuniary 
compensation.  Having  been  requested  by  a 
friend  interested  in  the  soap  manufacture  to 
devise  a  process  for  bleaching  palm  oil  cheaper 
than  that  of  Watt  (by  bichromate  of  potash 
and  hydrochloric  acid),  he  was  led  to  try  the 
oxidising  power  of  the  air  ;  and  found  that 
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thereby,  with  the  assistance  of  heat,  the  de- 
colourising of  the  crude  oil  could  be  accom- 
plished to  the  extent  required ;  that  is,  to  '  a 
very  pale  straw  tint.'  With  the  united  action 
of  steam  and  air,  a  few  hours  suffice  for  each 
operation. 

Two  interesting  observations  were  made 
by  Mercer  in  relation  to  this  mode  of  bleach- 
ing palm  oil.  First,  that  it  is  not  effectual  in 
the  presence  of  an  alkaline  earth  or  basic 
material  of  any  kind.  For  this  reason  an  iron 
pan  was  found  unsuitable.  A  copper  vessel 
was  much  better,  but  when  the  oil  acquired 
a  greenish  tinge  from  copper  the  bleaching 
became  impeded.  Borax  also  hindered  the 
bleaching.  These  and  similar  observations 
led  to  the  conclusion  that  the  colouring  matter 
should  be  in  its  natural  free  acid  condition  to 
be  easily  oxidised  by  the  air. 

Also,  secondly,  that  the  oxidation  is  faci- 
litated in  an  extraordinary  way  by  the  addi- 
tion at  first  of  a  very  small  quantity  of  oil 
which  has  been  already  bleached.  Five  or  six 
pounds  of  the  bleached  oil  suffice  for  a  ton  of 
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unbleaclied.  Mercer  has  left  a  memorandum 
to  the  effect  that  with  such  addition  the 
bleaching  takes  place  in  one-fourth  the  time 
that  is  necessary  without  it.  This  process 
was  first  used  at  a  soapery  at  Enfield,  near 
Accrington,  in  the  year  1839. 
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CHAPTEE  V. 

A  FAMILY  BEREAVEMENT. 

While  thus  so  actively  and  successfully 
occupied,  Mr.  Mercer's  domestic  life  was  for 
many  years,  with  one  exception,  one  of  un- 
broken happiness.  God  had  blessed  his 
marriage  union,  and  given  him  three  daugh- 
ters and  two  sons.  As  a  '  homely  man  '  he 
loved  his  home,  and  his  great  enjoyment  was 
his  domestic  circle.  But  he  experienced  a 
bitter  affliction  (the  exception  alluded  to)  in 
the  death,  after  a  short  illness,  of  his  eldest 
daughter,  Mary,  in  July,  1836.  So  keenly 
did  he  feel  her  removal,  that  some  began  to 
fear  whether  he  would  '  ever  be  himself 
again.'  His  intense  sorrow,  however,  was 
only  what  might  have  been  expected,  when 
such  a  loving  and  intellectual  father  was 
called  to  part  with  a  daughter  of  extra- 
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ordinary  gifts  and  winning  amiability.  The 
records  and  reminiscences  we  have  met  with 
relating  to  her  are  few,  but  very  interest- 
ing. Even  in  childhood  her  love  of  reading 
and  thirst  for  knowledge  of  every  kind  cal- 
culated to  raise  the  intellectual  and  moral 
faculties  were  very  remarkable,  and  elicited 
the  general  remark,  '  How  like  her  father  ! ' 
We  may  presume  that  she  did  not  despise 
works  of  amusement,  but  we  are  assured 
that  when  a  child  her  greater  gratification 
was  in  reading  historical  works,  both  ancient 
and  modern,  works  on  natural  history,  bio- 
graphy and  narratives  of  travels.  Her  natural 
love  of  poetry  led  her  to  delight  in  reading, 
when  a  little  girl,  the  works  of  Milton, 
Pollock,  Young,  &c.  When  at  school  she 
studied  with  great  enthusiasm,  and  won  the 
admiration  of  her  governess  by  the  profici- 
ency she  soon  attained  in  French,  music,  and 
other  branches  of  education. 

Like  her  father,  she  took  great  pleasure 
in  studying  astronomy.  To  gaze  on  the 
starry  heavens  and  make  her  observations 
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was  a  great  enjoyment.  She  loved  to  contem- 
plate  '  the  glory  of  God '   as  declared  in 
the  heavens,  and  '  His  handiwork '  in  '  the 
firmament ; '   but  she  loved  still  more  the 
study  of  His  '  statutes '  which  '  rejoice  the 
heart,'  and  His  '  testimony '  which  '  maketh 
wise  the  simple.'     She   had   learned  that 
'  wisdom  '  which  '  is  the  principal  thing,'  and 
had  found  Him  whom  to  know  is  '  life  eternal.' 
No  wonder  that  she  was  the  admiration  of  all 
who  knew  her.     '  She  was  the  gem,'  an  old 
friend  of  the  family  once  remarked  to  me, 
speaking  of  her ;  a  sentiment  which  I  am 
sure  her  surviving  sisters  gladly  echo.  No 
wonder  her  father  so  keenly  felt  her  death. 
Writing  to  a  friend  just  a  month  afterwards, 
he  says :  '  I  feel  as  if  nothing  could  make  up 
for  our  loss.   She  was  such  a  fine  girl  ;  of 
such  a  sweet  temper  and  disposition.  The 
Lord  bless  and  strengthen  us.     We  have  got 
through  to  this  time  with  fair  health  ;  but  in 
grief  I  get  worse. — J.  M.' 

At  length,  however,  the  thought  occurred 
to  him — '  Does  not  my  intense  sorrow  border 
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on  want  of  submission  to  the  dispensation  of 
my  best  Friend — Him  whom  I  profess  to  love 
above  all  others  ?  He  has  spared  to  me  my 
wife  and  our  four  children.  Am  I  thankful  as 
I  should  be  for  these  ?  Want  of  submission  on 
my  part  may  bring  further  trials  and  more 
bereavements.'  Such  thoughts  enabled  him  to 
look  more  calmly  on  the  past  and  more  hope- 
fully to  the  future,  and  then  to  resume  his 
ordinary  work  with  his  usual  energy.  To 
this  we  now  return,  trusting  that  those  of 
our  readers  who  may  not  care  much  about 
Mercer's  domestic  life  will  bear  with  this 
brief  digression. 
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CHAPTEE  VI. 

FURTHER  IMPROVEMENTS  IN  DYEING  AND 
PRINTING. 

We  purpose  in  the  present  chapter  to  trace 
the  outcomings  of  Mercer's  inventive  genius 
in  some  subjects  connected  with  his  ov^^n  art ; 
not,  however,  in  special  '  styles,'  but  in  inven- 
tions of  a  more  general  character  and  wider 
application.  Among  these,  the  first  that  pre- 
sents itself  to  our  notice  is  the  part  which  he 
took  in  introducing  the  use  of 

ARSENIATES  AND  PHOSPHATES  AS  SUBSTITUTES 
FOR  COW-DUNG, 

in  what  is  called  the  '  dunging '  operation  ;  the 
principal  object  of  which  is  to  remove  from 
the  cloth,  previous  to  dyeing,  the  portion  of 
the  mordant  which  has  not  become  insoluble 
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and  firmly  attached  during  the  process  of 
ageing.  Without  this  treatment,  that  portion  of 
the  mordant  would  dissolve  in  the  dyeing  bath 
(before  combining  with  the  colouring  matter) ; 
to  the  great  injury  of  the  whites  and  the  deteri- 
oration of  the  dyeing  liquor.  For  the  dung- 
ing or  clearing  to  be  effective,  it  is  requisite 
that  the  superfluous  mordant,  immediately  it 
is  washed  out  of  the  cloth,  should  be  precipi- 
tated in  the  bath  in  an  insoluble  and  harmless 
condition.  We  are  indebted  to  an  American 
inventor,  J.  D.  Prince,  for  the  original  sug- 
gestion to  use  a  soluble  phosphate  as  a 
substitute  for  cow-dung.  He  came  to  Oaken- 
shaw  to  confer  on  the  subject  with  Mercer 
in  1839.  Mercer  perceived  the  importance  of 
the  suggestion ;  but  he  also  saw  that,  to  pro- 
duce effective  work,  it  is  important  to  mix 
with  the  phosphate  some  mucilaginous  or 
glutinous  material.  Without  such  addition, 
the  '  whites  '  cannot  be  properly  preserved, 
owing  to  traces  of  the  dissolved  mordant 
being  reprecipitated  on  the  cloth.  Accord- 
ing to  the  original  process  of  Prince,  the 
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mordanted  goods  were  exposed  in  a  chamber 
to  an  atmosphere  charged  with  ammonia  and 
steam,  previous  to  their  being  passed  through 
the  phosphate  liquor.  But  Mercer  proved 
that  by  the  proper  admixture  of  some  muci- 
laginous or  glutinous  material  this  incon- 
venient operation  is  quite  unnecessary. 
Further,  being  aware  of  the  correspondence, 
in  many  of  their  chemical  properties,  between 
the  phosphates  and  arseniates,  he  inferred 
that  the  latter  might  also  be  used  as  a  '  dung- 
substitute  ; '  which  expectation  his  experi- 
ments fully  confirmed. 

Mercer  and  Prince  therefore  acquired  con- 
jointly a  patent  for  'Certain  improved  pro- 
cesses to  be  used  in  the  printing,  dyeing  or 
colouring  of  cotton,  woollen,  silk  or  other 
cloths  and  yarns,'  which  embraced  Mercer's 
improvements  and  additions.  This  was  his 
first  patent.  The  specification  will  be  found 
in  the  Appendix  (§  XI.),  together  with  some 
results  of  his  subsequent  experience. 

The  arseniate  of  soda  was  found  to  be 
even   more   effective    than    the  phosphate. 
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Whichever  of  these  was  used,  great  care  was 
taken  to  ensure  neutrahty ;  free  acid  on  the 
one  hand,  and  also  free  alkali  on  the  other, 
being  injurious.  The  phosphate  '  substitute ' 
used  at  Oakenshaw  was  a  partially  soluble 
mixture  of  phosphate  of  soda  and  phosphate 
of  lime  ;  prepared  by  saturating  a  phosphoric- 
acid  solution  of  phosphate  of  lime  with  car- 
bonate of  soda  and  evaporating  to  dryness. 
The  residue,  which  was  known  as  '  concrete 
substitute,'  gave  a  muddy  liquor  when  dis- 
solved in  water  in  the  proportion  of  2  lbs.  to 
1  gallon,  of  which  6  gallons  were  added  to 
600  gallons  of  water  to  make  the  '  first  substi- 
tute bath  ; '  after  being  passed  through  which, 
tlie  cloth  was  passed  through  another  bath 
considerably  weaker.  The  phosphate  of  lime 
in  suspension  was  effective  in  clearing,  as  well 
as  the  soluble  alkaline  phosphate.  The  latter 
acted  also  on  the  attached  mordant,  convert- 
ing it,  to  some  extent,  to  a  phosphate. 

Mercer  attached  great  importance  to  the 
presence  of  a  mucilaginous  or  glutinous  ma- 
terial in  the  substitute  bath.  For  some  months 
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he  used  for  that  purpose  carrageen  moss, 
which  contains  a  pecuhar  mucilaginous  sub- 
stance soluble  in  hot  water,  which  solution, 
when  concentrated,  gelatinises  on  cooling. 
For  this  he  afterwards  substituted  linseed 
meal  with  good  results,  also  a  liquor  obtained  by 
the  action  of  caustic  alkali  on  woollen  material. 
This  '  woollen  liquor '  he  made  by  digesting 
4  lbs.  of  old  '  steam  cloths '  (previously  well 
cleaned  by  boiling  water)  in  1\  '  gills '  of 
caustic  soda  liquor  of  70°  Tw.  and  water  suf- 
ficient to  make  6  quarts.  This  was  boiled 
until  the  wool  was  dissolved,  and  then  diluted 
to  make  2  gallons  of  liquor  for  use,  the  spe- 
cific gravity  of  which  was  14°  Tw.  Mercer 
made  the  interesting  observation  that,  in  its 
behaviour  with  salts  of  iron,  the  '  woollen 
liquor'  thus  obtained  resembles  that  pre- 
pared from  cow-dung.  When  cold,  it  gives 
no  precipitate  with  a  solution  of  protosulphate 
of  iron ;  not  even  on  the  addition  of  more 
alkali :  but  if  the  mixture  is  heated,  a  precipi- 
tate is  produced,  either  with  or  without  addi- 
tional alkali.    But  with  solutions  of  alum  and 
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persalts  of  iron  the  liquor  produces  precipi- 
tates, whether  cold  or  hot. 

A  mixture  of  this  '  woollen  liquor '  with 
size  made  from  ordinary  glue  gave  excellent 
results  (1  measure  of  size  liquor  of  40°  Tw.^ 
to  6  measures  of  woollen  liquor  of  14°  Tw.). 

With  reference  to  the  necessity  of  attend- 
ing to  the  strength  of  the  liquors  in  the  two 
phosphate  cisterns,  Mercer  made  the  follow- 
ing memoranda  in  1840  :  'If  the  first  cistern 
gets  too  weak  in  phosphate,  the  white  begins 
to  show  symptoms  of  purple,  and  the  black  is 
not  full  enough,  although  the  pale  red  con- 
tinues good.  Iron  is  evidently  dissolved.  On 
the  other  hand,  too  much  phosphate  is  also 
injurious.  .  .  For  some  time  (July  1840)  our 
strong  red  has  not  been  turning  out  well ; 
this  I  found  to  be  owing  to  the  second  cistern 
having  too  much  phosphate,  which  combined 
in  too  large  proportion  with  the  alumina  in 
the  strong  red,  thus  hindering  it  from  com- 

^  Extract  from  Memoranda. — find  that  size  made  of  40° 
Tw.  sp.  gr.  keeps  mucli  longer  without  becoming  putrid  than  if 
made  of  20°  Tw.    If  it  becomes  acid,  add  a  little  chalk.' 
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billing  readily  with  the  madder.  The  excess 
of  phosphate  also  acted  injuriously  by  fasten- 
ing the  starch  or  flour  paste.' 

In  1841,  and  subsequently,  the  proportions 
of  materials  used  at  Oakenshaw  in  this  opera- 
tion were  the  following :  For  the  first  cistern,  to 
600  gallons  of  water  were  added  6  gallons  of 
substitute  liquor  of  10°  Tw.  (prepared  as  before 
described)  and  2  gallons  of  size  liquor  of  36° 
Tw.,  kept  at  the  temperature  of  160°  Fahr.,  for 
pale  red  and  purple ;  and  for  every  forty  or 
fifty  pieces  the  bath  was  renewed  with  1  gallon 
of  substitute  liquor  and  1  quart  of  size  liquor. 
The  second  cistern,  containing  300  gallons, 
was  started  with  2  quarts  of  substitute  liquor 
and  1  pint  of  size,  and  renewed  with  1  quart 
of  substitute  liquor  and  1  pint  of  size  for 
every  twenty-eight  pieces.  The  cisterns  were 
started  in  the  morning  and  run  ofi*  in  the 
evening,  about  seven  hundred  pieces  having 
been  passed  through.  The  above  proportion 
of  size  is  more  than  had  previously  been 
used,  but  '  the  working  was  excellent ;  the 
whites  were  very  good ;  with  twice  soaping 
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they  were  good  enough  without  crofting,  and 
the  dyeing  was  effected  with  one-sixth  less 
madder  than  was  formerly  used  with  dung. 
The  size  must  be  kept  up. — J.  M.' 

A  practice  which  Mercer  found  to  be  ad- 
vantageous, and  which  he  generally  adopted, 
was  to  add  a  few  ounces  of  bichromate  of 
potash  to  the  first  substitute  bath,  with  the 
object  of  producing  a  partial  oxidation  of  the 
ferrous  salt  dissolved  out  of  the  cloth,  and 
bringing  it  into  a  condition  still  more  readily 
acted  on  by  the  phosphates  of  soda  and  lime. 

'  PEEPAEING  '  DELAIIv^ES. 

In  1839,  Messrs.  Fort  Bros,  and  Co.  en- 
larged their  operations  by  undertaking  the 
printing  of  delaines.  The  inconvenience 
arising  from  the  unequal  absorbing  power 
of  the  woollen  and  cotton  fibres  for  certain 
colours  and  mordants  was  a  subject  to  which 
Mercer  at  once  directed  his  attention.  Some 
colouring  matters  are  capable  of  being  ab- 
sorbed by  wool  without  a  mordant  far  more 
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readily  than  by  cotton.  But  the  reverse  is 
the  case  with  nearly  all  the  materials  which 
were  in  use  among  printers  forty  years  ago. 
The  difficulty  of  applying  Prussian  blue,  for 
example,  to  the  woollen  fibre  was,  at  first,  a 
serious  impediment  to  the  printing  of  delaines. 
To  enable  the  woollen  fibre  to  acquire  that 
and  other  colours  as  readily  as  the  cotton 
fibre  does,  was  the  object  of  Mercer's  experi- 
ments. He  soon  came  to  the  conclusion  that 
the  difference  in  the  absorbing  power  arises 
from  the  presence  of  some  deoxidising  material 
in  the  woollen  fibre ;  and  discovered  that  by 
passing  the  cloth  through  a  weak  solution  of 
free  chlorine  (bleaching  liquor  and  hydro- 
chloric acid)  the  woollen  fibre  is  rendered 
capable  of  combining  with  Prussian  blue, 
oxides  of  tin,  and  colouring  matters,  with  the 
same  facility  as  cotton,  giving  '  full,  rich, 
saturated  colours.'  The  change  thus  pro- 
duced in  the  colour-receptive  powers  of  the 
wool  is  very  remarkable.  The  same  colouring 
material  which  before  this  treatment  of  the 
cloth  gives  only  dull  shades,  afterwards  gives 
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very  bright  tints,  and  any  required  depth  of 
colour  can  be  obtained.  Chromic  acid — that 
is,  a  mixture  of  bichromate  of  potash  and 
sulphuric  acid — was  found  to  produce  the 
same  effect  on  the  woollen  fibre  as  chlorine; 
but  it  left  a  slight  stain  which,  in  the  case  of 
printed  delaines,  was  generally  objectionable. 
Chlorine,  therefore,  was  adopted  as  the  oxi- 
dising agent  for  general  use. 

By  means  of  this  process  the  firm  was 
enabled  to  introduce  a  pleasing  new  style 
distinguished  as  '  Eoyal  blue,'  in  which  for 
some  time  they  had  a  good  monopoly. 
Mercer  communicated  the  process,  however, 
to  a  few  friends  in  the  trade,  and  before  long 
it  became  generally  known  and  practised  by 
calico-printers  throughout  England,  Scotland, 
and  Erance.  Had  he  patented  this  invention, 
there  is  no  doubt  he  might  have  realised  a 
large  sum  for  granting  licences ;  but  he  gave 
it  to  the  trade  with  no  reservation  whatever. 
The  woollen  dyers  of  Leeds  adopted  the 
chromic-acid  method,  as  the  tinge  derived 
from  the  chromate  was  generally  of  no  incon- 
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venience  to  them.  In  a  communication  made 
in  the  year  1848,  this  discovery  of  Mercer's 
is  described  as  '  the  most  important  hitherto 
made  in  dyeing  and  printing  woollen  goods.' 

In  the  Appendix  XII.)  will  be  found 
some  of  his  observations  on  this  subject, 
relating  more  especially  to  the  use  of  solutions 
of  tin  in  conjunction  with  chlorine. 

ALUMINOUS  COLOUR  PEECIPITATES. 

The  next  important  improvement  in  calico- 
printing  introduced  by  Mercer  was  the  em- 
ployment of  lakes,  or  compounds  of  various 
colouring^  matters  with  alumina,  for  steam- 
colour  work.  He  was  led  to  this  by  observing 
the  extraordinary  facility  with  which  those 
compounds  may  be  dissolved  in  a  solution  of 
neutral  oxalate  of  ammonia.  He  found  that 
strong  solutions  of  the  colouring  matters  may 
thus  be  prepared,  differing  somewhat  in  pro- 
perties from  the  solutions  of  similar  com- 
pounds in  acids ;  and  further,  that  when 
cloth  printed  with  such  solutions  is  steamed, 
the  colours  become  firmly  attached.    A  new 
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method  of  printing  was  here  presented,  which 
in  many  cases  proved  highly  beneficial ;  espe- 
cially with  logwood,  Persian  berries,  peach- 
wood,  cochineal,  Brazilwood  and  barwood. 
Mercer  soon  communicated  his  discovery  to 
his  friends  at  the  Sabden  Works,  and  subse- 
quently to  Messrs.  Hargreaves,  of  the  Broad 
Oak  Works.  Wherever  the  process  became 
known  it  was  appreciated  and  adopted.  The 
following  are  examples  of  the  method  of 
making  the  precipitates  : 

'  Peachwood  precipitate  '  was  prepared  by 
boiling  100  lbs.  of  properly  aged  ground 
peachwood  in  three  successive  portions  of 
water  to  make  140  gallons  of  liquor ;  a  solu- 
tion of  10  ounces  of  bichromate  in  two  quarts 
of  water  was  added  to  the  clear  liquor ;  an 
hour  afterwards  12  lbs.  of  alum,  and  when 
that  was  dissolved,  2  quarts  of  caustic  soda 
of  70°  Tw.  The  mud  was  collected  by  filtra- 
tion to  a  bulk  of  from  10  to  12  gallons. 

'  Logwood  precipitate '  was  prepared  by 
passing  boiling  water  through  120  lbs.  of  log- 
wood to  make  140  gallons,  and  adding  sue- 
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cessively  8  ounces  of  sal-ammoniac,  1  gallon 
of  chloride  of  lime  liquor  of  10°  Tw.,  12 
quarts  of  red  liquor,  and  7  gills  of  caustic 
soda.  The  precipitate  was  filtered  to  about 
18  gallons. 

'  Barwood  precipitate '  was  prepared  by- 
boiling  50  lbs.  of  barwood  in  three  successive 
portions  of  water,  50  gallons  each  time ; 
adding  at  the  first  boiling  3  lbs.  of  borax,  at 
the  second  boiling  2  lbs.  of  borax,  and  at  the 
third  boiling  1  lb.  of  borax ;  6  lbs.  of  alum 
were  added  to  the  mixed  liquors,  and  the 
precipitate  was  filtered  to  5  gallons. 

Similar  precipitates,  containing  protoxide 
or  peroxide  of  tin,  or  peroxide  of  iron  (instead 
of  alumina),  were  prepared  for  use  in  the 
same  manner.    For  example  : 

'  Barwood  tin  precipitate '  was  made  by 
adding  to  such  a  decoction  as  the  preceding, 
with  borax,  6  lbs.  of  tin  crystals,  and  filtering 
to  6  gallons. 

'  Quercitron  bark  tin  precipitate '  was  pre- 
pared by  boiling  25  lbs.  of  the  bark  in  50 
gallons  of  water,  in  two  equal  portions  ;  add- 
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ing  to  the  clear  decoction  2  lbs.  of  tin  crystals, 
boiling  for  ten  minutes,  and  then  adding  18 
ounces  of  carbonate  of  soda,  or  enough  for 
complete  precipitation.  The  precipitate  after 
filtration  measured  3  gallons. 

'  Logwood  iron  precipitate  '  was  prepared 
by  passing  boiling  water  through  120  lbs.  of 
ground  aged  logwood,  to  make  140  gallons  ; 
adding  6  quarts  of  chloride  of  lime  liquor  of 
10°  Tw.  (or  as  much  as  is  necessary  for  oxida- 
tion), then  4  quarts  of  '  red  nitrate  of  iron 
liquor '  of  60°  Tw.,  and  lastly,  1  quart  of  caustic 
soda  of  70°  Tw.  The  precipitate,  after  filtra- 
tion, measured  10  gallons. 

For  application  to  the  cloth,  these  various 
precipitates  were  mixed  with  oxalate  of  am- 
monia (or  first  with  oxalic  acid  and  afterwards 
ammonia  to  saturation).  By  gently  heating 
the  muddy  mixture,  a  complete  solution  was 
effected,  fit  for  thickening  and  printing.  Ex- 
amples of  mixtures  of  such  solutions  for  print- 
incr  cottons  and  delaines  will  be  found  in  the 
Appendix. 

For  a  resist  for  such  colours,  acetate  of 
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lime,  alone  or  mixed  with  chalk,  was  found  to 
be  quite  effectual ;  by  decomposing  the  oxalate 
of  ammonia,  and  thus  rendering  the  colour 
compound  insoluble. 

'  ASSISTANT  MORDANT  LIQUOR,'  AND  '  FARINA 
PREPARATION.' 

The  useful  material  known  as  '  assistant 
mordant  liquor'  was  introduced  by  Mercer 
in  1842.  It  consists  of  a  mixture  of  pyro- 
ligneous  acid  with  the  acid  hquor  obtained 
by  the  partial  oxidation  of  saccharine  and 
amylaceous  materials  by  nitric  acid.  Many 
years  previously  he  had  experimented  on  the 
partial  oxidation  of  sugar  by  nitric  acid,  taking 
care  to  use  too  small  a  proportion  of  the 
latter  to  allow  of  the  production  of  oxalic 
acid,  in  the  expectation  of  obtaining  thereby 
a  material  which  might  be  useful  as  an 
adjunct  to  mordants.^    He  found  that  the 

^  '  November  18,  1828.  I  have  for  a  few  days  past  been 
engaged  in  experimenting  on  the  action  of  sugar  on  metallic 
oxides,  and  its  power  of  rendering  alumina  and  metallic  oxides 
soluble  in  carbonate  of  potash.  I  find  that  this  property  of 
sugar  is  much  more  powerful  if  the  sugar  has  been  previously 
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product  (which  probably  consisted  for  the 
most  part  of  saccharic  acid),  when  mixed 
with  excess  of  alkaline  carbonates,  possesses 
a  high  solvent  power  for  alumina,  oxides  of 
iron,  peroxide  of  tin,  and  other  metallic  oxides. 
This  property  at  once  suggested  useful  ap- 
plications. Another  property  possessed  by 
this  material,  which  Mercer  regarded  as  of 
great  practical  importance,  is  that  of  retard- 
ing the  oxidation  of  substances  with  which 
it  is  mixed.  It  was  with  that  object  that  he 
mixed  it  with  mordants  containing  protoxide 
of  iron,  so  that  the  partial  oxidation  of  the 
protoxide  should  not  take  place  before  the 
solution  had  become  thoroughly  imbibed  by 
the  fibre  of  the  cloth.  Finding  that  this 
'  farina '  or  '  sugar  preparation,'  as  he  desig- 
nated it,  was  improved  by  the  addition  of 
pyroligneous  acid,  the  preparation  and  use 
of  that  mixture  was  made  the  subject  of  a 
patent  by  Mercer  in  1842,  the  leading  points 

acted  on  by  nitric  acid'  {Extract  from  his  Note-book).  He  then 
describes  some  excellent  results  obtained  by  printing  cotton 
with  such  an  alkaline  solution  of  iron  (made  with  '  nitrate  of 
iron'),  and  dyeing  with  a  mixture  of  peachwood  and  sumac. 


IMPRO  VEMENTS  IN  D  YEING  AND  PRINTING.  95 

of  the  specification  of  whicli  will  be  found 
in  the  Appendix  XIY.).  Potato  starch  was 
the  material  at  first  employed  for  preparing  the 
'  assistant  mordant  liquor,'  as  the  patented 
mixture  was  termed  ;  but  subsequently,  when 
sugar  became  much  reduced  in  price,  pre- 
ference was  given  to  the  latter. 

A  point  of  interest  in  a  chemical  aspect, 
in  the  patented  process,  is  the  addition  of  a 
trace  of  oxide  of  manganese,  or  a  salt  of 
manganese.  According  to  Mercer,  this  addi- 
tion prevents  or  impedes  the  formation  of 
oxalic  acid.  For  this  purpose,  one  part  of 
oxide  of  manganese  sufiices  for  five  thousand 
parts  of  starch.  At  the  end  of  the  reaction, 
the  salt  of  manganese  is  found  unchanged, 
therefore  this  appears  to  be  another  of  those 
influences  we  commonly  call  catalytic. 

The  '  sugar  preparation '  used  at  the 
Oakenshaw  Works  at  the  time  of  their  being 
discontinued  was  made  by  mixing  one  quart 
of  nitric  acid  of  60°  Tw.  with  a  solution  of 
four  pounds  of  sugar  in  one  quart  of  water ; 
and  '  when  the  liquor  became  brown '  it  was 
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diluted  to  make  one  gallon.  This  was  mixed 
with  more  or  less  alkaline  carbonate,  according 
to  special  requirement. 

STAGNATE  OF  SODA. 

Mercer's  process  for  making  stannate  of 
soda  in  the  dry  way  was  an  important  inven- 
tion patented  in  the  year  1845.  Previous  to 
its  introduction  the  stannate  was  made  at  all 
works  in  the  liquid  way,  by  adding  excess  of 
soda  liquor  to  perchloride  of  tin.  A  chemical 
manufacturing  firm  in  the  neighbourhood, 
having  experienced  some  difficulty  in  the 
ordinary  process,  applied  for  assistance  to 
Mercer.  He  afforded  them  the  required  help, 
and  also  told  them  that  he  had  already  been 
experimenting  on  a  new  method  of  making 
the  stannate — namely,  by  heating  a  mixture  of 
nitrate  of  soda,  alkali,  and  metallic  tin.  The 
stannate  which  he  thus  obtained,  when  digested 
in  water,  gave  a  solution  of  tin  very  suitable 
for  '  preparing,'  but  a  good  deal  of  oxide  of 
tin  remained  undissolved.  Further  experi- 
ments were  carried  out  conjointly  by  Mercer 
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and  the  manufacturing  firm  above  referred 
to,  which  soon  resulted  in  the  excellent  pro- 
cess described  in  the  patent  •  specification  (see 
Appendix,  §  XV.).  Briefly,  the  process  con- 
sists in  adding  metallic  tin  and  nitrate  of  soda 
to  a  fused  mixture  of  hydrate  of  soda  and 
chloride  of  sodium.  Ammonia  is  disengaged 
in  large  quantity  (from  the  nitrogen  of  a  por- 
tion of  the  nitrate  and  the  hydrogen  of  the 
hydrate  of  soda);  the  tin  passes  first  into  the 
state  of  black  protoxide,  which  is  presently 
further  oxidised  by  another  portion  of  the 
nitrate,  the  whole  mass  becoming  thereby 
intensely  hot.  The  mass  is  removed  from  the 
pot  in  a  pasty  state,  and  when  cold  is  ready 
for  dissolving  in  water.  The  solution  is  fit 
for  use.  Mercer  has  remarked  that  the  addi- 
tion of  chloride  of  sodium  completely  pre- 
vents the  material,  from  acting  on  the  iron 
pot ;  without  such  addition  the  pot  would  be 
acted  on  rapidly,  and  the  stannate  be  con- 
taminated with  oxide  of  iron. 

The  stannate  thus  prepared  was  found  to 
be  admirably  adapted  for  '  preparing '  and 
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various  other  applications  ;  and  being  much 
cheaper  tlian  the  stannate  made  by  the  old 
liquid  process,  it  soon  became  adopted  in 
most  of  the  print-works  throughout  England 
and  Scotland.  In  France,  where  Mercer  had 
also  obtained  a  patent,  the  manufacture  of  the 
stannate  was  likewise  carried  out  extensively, 
under  licences.  Modifications  of  this  process 
have  been  since  introduced  by  others,  but  to 
Mercer  l)elongs  the  credit  of  having  originated 
tlie  manufacture  of  the  solid  stannate,  which 
has  proved  a  great  boon  to  the  calico-printer; 
and  his  original  process  still  maintains  a  good 
position. 

mercer's  'scouring  salts,' 

for  '  scouring  and  clearing  wool  and  woollen 
fabrics,'  was  another  of  his  improvements 
connected  with  his  own  art  (introduced  about 
the  same  time  as  the  stannate),  with  a  refer- 
ence to  which  we  shall  conclude  tlie  present 
series.  Tlie  materials  thus  designated  were 
sub-|')hosphate  of  soda,  or  '  P  scouring  salt,'  and 
:sub-arseniate  of  soda,  or  '  A  scouring  salt.' 
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These  were  found  to  be  of  great  utility  when 
added  to  the  materials  commonly  employed 
for  the  above  purpose;  as  soap,  soda-ash, 
pearlash,  stale  urine,  &c.  He  patented  this 
apphcation  of  the  various  alkaline  phosphates 
and  arseniates  in  1846. 
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CHAPTER  VII. 

HIS  VIEWS  AND  RESEARCHES  ON  SOME  SUBJECTS 
CONNECTED  WITH  THEORETICAL  CHEMISTRY. 

The  introduction  and  development  of  the 
various  inventions  and  improvements  which 
we  have  described,  together  with  the  constant 
close  attention  necessary  for  the  successful 
superintendence  of  the  operations  of  a  large 
establishment,  subject  in  their  details  to  varia- 
tions necessary  to  meet  the  changes  of  popular 
demand  and  fashion,  could  only  have  been 
attained  by  an  unusual  combination  of  un- 
wearied diligence,  sound  judgment,  and  great 
energy.  But,  as  we  have  before  stated. 
Mercer,  while  thus  assiduously  and  success- 
fully engaged  in  his  technical  work,  took  a 
lively  interest  in  subjects  connected  with 
speculative  and  theoretical  chemistry.  He 
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seldom,  however,  appeared  before  the  chemical 
world  as  an  original  worker  in  that  field.  It 
was  rather  in  his  personal  intercourse  with  his 
chemical  friends,  and  in  his  correspondence, 
that  he  manifested  his  great  interest  in  such 
subjects,  and  his  keen  appreciation  of  the 
labours  of  others  who  devoted  themselves  to 
researches  in  theoretical  chemistry. 

Particularly  impressive  was  the  readiness 
with  which  he  recognised  the  bearings,  the 
consequences,  and  applications,  of  such  re- 
searches. We  find  an  early  illustration  of 
this  in  a  memorandum  which  he  made  after 
reading  Graham's  early  researches  on  the 
diffusion  of  gases.  A  few  chemists  still  ad- 
hered to  the  old  view  of  Berthollet  that  the 
atmosphere  is  a  chemical  compound  of  oxygen 
and  nitrogen.  '  Here  we  have,'  he  observed, 
'  the  means  of  giving  a  final  answer  to  those 
who  hold  the  view  of  Berthollet.  If  air  is  a  mix- 
ture, seeing  there  is  a  little  difference  between 
the  specific  gravity  of  oxygen  gas  and  nitro- 
gen gas,  the  air  left  after  long  difiusion  should 
have  a  little  larger  proportion  of  oxygen  than 
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before  ;  if  it  is  a  chemical  compound  there  will 
be  no  change.'  He  was  then  unable  to  make 
the  experiment,  and,  so  far  as  his  special  object 
was  concerned,  it  soon  became  superfluous  ; 
but  it  is  interesting  to  know  that,  many  years 
afterwards,  the  experiment  was  made,  and 
Mercer's  anticipation  was  realised.  It  may 
be  said  that  his  faculty  of  making  clear, 
broad,  inferential  deductions  from  observed 
facts  greatly  contributed  to  his  success  in 
technical  work. 

For  many  years  Mercer  had  very  little 
intercourse  with  scientific  chemists.  He  liad 
been  making  his  own  observations  and  form- 
ing his  own  conclusions  without  assistance 
from  scientific  friends,  and  without  the  sti- 
mulus derived  from  intercourse  with  kin- 
dred spirits.  Publicity  and  distinction,  more- 
over, were  not  the  objects  which  he  sought 
to  attain.  In  1841  he  became  acquainted 
with  Dr.  Play  fair  (the  Eight  Hon.  Sir  Lyon 
Playfair),  who  for  a  short  time  held  the  post 
of  chemist  at  the  Primrose  Print  Works,  near 
Clitheroe,  Lancashire,  belonging  to  Messrs. 
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Thompson  and  Co.  Dr.  Playfair  was  much 
impressed  with  the  genius  and  worth  of  his 
new  acquaintance.  A  permanent  friendship, 
marked  by  mutual  confidence,  sprung  up, 
which  led  to  long  and  interesting  correspond- 
ence. Two  years  later,  it  was  my  privilege 
to  make  his  personal  acquaintance,  and  to 
partake  of  the  kind  sympathy  which  he  always 
showed  to  young  men  entering  on  their  callings 
in  life.  At  that  time,  I  was  endeavouring  to 
obtain  practical  information  on  the  processes 
of  print-works ;  and  I  have  a  grateful  recol- 
lection of  the  assistance  and  hospitality  he 
kindly  rendered  to  me.  An  abiding  friend- 
ship, which  I  greatly  valued,  was  the  result. 

A  biographical  sketch  of  Mercer  would  be 
incomplete  without  reference  to  the  periodical 
meetings  of  a  few  scientific  friends  (ten  at 
first),  in  which  he  took  a  lively  interest,  known 
as  '  the  Whalley  meetings,'  so  named  from  the 
place  of  meeting.  They  were  started  at  the 
suggestion  of  Dr.  Playfair,  and  were  held 
monthly ;  each  of  the  members  was  expected 
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to  contribute  an  essay  in  rotation,  one  for 
each  meeting  ;  a  reserve  subject  for  discus- 
sion being  always  fixed  upon  in  case  of  the 
non-attendance  of  the  essayist.  The  subject 
was  generally  chemical,  but  not  exclusively. 
Occasionally,  an  evening  was  devoted  to  the 
discussion  of  chemical  subjects  of  recent  dis- 
covery. We  can  well  imagine  that  Mercer's 
originality  of  thought  contributed  in  no  small 
degree  to  the  interest  which  the  various 
members  took  in  these  meetings  ;  and  some- 
times, in  the  discussions,  embryonic  facts  were 
made  known,  and  germinant  ideas  elicited, 
which  afterwards  ripened  to  important  and 
interesting  results. 

,  At  these  'Whalley  meetings'  Mercer 
communicated  to  his  friends  those  interesting 
cases  of  so-called  '  catalytic  action '  with 
which  he  illustrated 
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in  a  paper  read  before  tlie  British  Associa- 
tion at  their  meeting  in  Manchester  in 
1842.  Considerable  interest  had  been  excited 
amongst  chemists  respecting  the  numerous 
instances  of  chemical  decomposition  and  com- 
bination which  are  produced  by  the  presence 
of  a  third  body,  which  itself,  apparently,  un- 
dergoes no  change  whatever.  Berzelius  had 
referred  them  to  a  peculiar  electro-chemical 
agency,  distinct  from  other  recognised  powers, 
which  he  designated  '  catalytic  force.'  Liebig 
had  advanced  the  view  that  such  decomposi- 
tions resulted  from  a  dynamical  action  com- 
municated by  a  body  in  a  state  of  motion  to 
the  atoms  of  a  complex  molecule  previously 
in  a  state  of  rest.  But  neither  of  these 
suggestions  could  be  regarded  as  a  satisfac- 
tory explanation.  The  question  still  presented 
itself — may  not  these  cases  be  referable  to 
chemical  affinity,  such  as  we  are  famihar  with, 
but  modified  by  special  circumstances  ? 
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'  The  beautiful  example,'  observed  Mercer 
in  his  paper  above  referred  to,  '  of  chemical 
affinity  exhibited  in  the  action  which  oxalic 
acid  exerts  upon  oxamide  was  at  first  hailed 
by  the  advocates  of  a  catalytic  force  as  an 
evidence  of  the  certain  existence  of  their 
hypothetical  power.  It  is  well  known  that 
the  most  minute  portion  of  oxalic  acid  is 
capable  of  converting  an  indefinite  quantity  of 
oxamide  into  oxalate  of  ammonia.  But  this 
has  since  been  shown  to  be  a  true  case  of 
chemical  decomposition;  for  oxalic  acid  ex- 
tracts ammonia  from  oxamide,  whilst  the  re- 
mainder of  the  elements  of  oxamide  assume  the 
form  of  oxalic  acid,  which  again  acts  on  a  fresh 
portion  of  oxamide.  In  this  case,  a  minute 
portion  of  a  substance  effects  the  decomposi- 
tion of  an  unlimited  quantity  of  another  com- 
pound ;  and  here  it  is  proved  that  it  does  so 
by  the  usual  laws  of  chemical  affinity. 

'  This  led  me  to  consider  that  other  cases 
of  catalytic  action  might  also  be  referred,  in  a 
somewhat  similar  manner,  to  true  chemical 
affinity,   although   the   indications   of  that 
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affinity  might  not  be  so  apparent  as  they 
usually  are. 

'  All  the  phenomena  of  combination  and 
decomposition  prove  that  elements  never  have 
tlieir  inherent  affinities  so  completely  satisfied 
by  combination  with  each  other  as  to  be- 
come inert,  and  incapable  of  further  change, 
by  external  agencies.  On  the  contrary,  we 
know  that  all  matter  is  capable  of  under- 
going change  and  receiving  new  forms  and 
conditions.  Suppose,  for  example,  that  the 
union  of  one  equivalent  of  iron  with  one 
equivalent  of  oxygen  completely  gratified  the 
affinity  of  iron  for  oxygen,  and  that  the  affi- 
nities possessed  by  that  metal  were  entirely 
exhausted  by  the  union  which  it  had  formed 
with  one  equivalent  of  oxygen  ;  in  such  a  case 
the  iron  would  not  be  susceptible  of  a  higher 
degree  of  oxidation.  But  as  it  can  unite  with 
more  oxygen,  we  must  suppose  that  its  in- 
herent affinities  still  exist.  A  compound 
molecule  can  merely  be  an  aggregation  of 
certain  simple  atoms  in  a  definite  form  ;  it 
cannot,  strictly  speaking,  be  an  incorporation 
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of  the  atoms  one  with  the  other,  for  an 
ultimate  atom  must  be  impenetrable. 

'  The  intensity  of  affinity  by  wliich 
elementary  atoms  are  joined  in  the  complex 
molecule  must  be  the  measure  of  the  sta- 
bility of  the  compound.  If  we  have  a  body 
the  atoms  of  which  are  held  in  mere  static 
equilibrium  by  virtue  of  a  feeble  attraction, 
and  act  upon  this  by  a  compound  molecule 
not  completely  charged  with  one  of  its  con- 
stituents, and  which  possesses  merely  a  feeble 
affinity  for  this  constituent,  which  consti- 
tuent on  the  other  hand  can  enter  into  the 
composition  of  the  body  acted  upon,  it  is 
probable  that,  in  such  a  case,  what  is  called 
Catalysis  would  ensue. 

'  If  we  dissolve  1  oz.  of  oxalic  acid  in 
half  a  pint  of  water  at  a  temperature  of  180° 
Fahr.,  and  to  this  add  1  oz.  of  nitric  acid 
of  1-300  sp.  gr.,  taking  care  that  it  is  free 
from  nitrous  acid,  no  action  ensues.  In  this 
mixture,  the  oxalic  acid  has  a  disposition  to 
unite  with  more  oxygen,  and  endeavours  to 
withdraw  that  element  from  the  nitric  acid  ; 
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and  we  may  also  imagine  that  the  atoms 
of  the  complex  molecule  nitric  acid  are  in 
their  highest  degree  of  tension,  as  if  ready 
for  disruption.    But  the  affinity  existing  be- 
tween the  oxalic  acid  and  the  oxygen  is  not 
quite  sufficient  to  decompose  the  nitric  acid. 
According  to  the  view  of  catalysis  I  have 
suggested,  if  another  affinity  is  brought  into 
play,  similar  to,  but  smaller,  than  that  exerted 
by  the  oxalic  acid,  the  decomposition  of  the 
nitric  acid  and  oxidation  of  the  oxalic  acid 
may  be  .  effected.    Protoxide  of  manganese  is 
an  oxide  susceptible  of  a  higher  state  of  oxi- 
dation, and  the  compounds  of  the  higher 
oxides  with  acids  (manganic  salts)  are  very 
unstable.    Hence  it  is  well  suited  for  our 
purpose.    If  to  the  above  mixture  of  nitric 
and  oxalic  acids,  which,  as  I  have  already 
mentioned,  is  perfectly  quiescent,  we  add  a 
small  quantity  of  any  proto-salt  of  manganese, 
say  30  grains  of  oxalate,  a  brisk  action  imme- 
diately commences  ;  all  the  oxalic  acid  is  con- 
verted into  carbonic  acid,  and  all  the  nitric 
acid  into  nitrous  acid.    If  the  proportions  are 
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well  adapted,  nothing  remains  after  the  action 
except  the  original  salt  of  manganese.  A 
fresh  mixture  of  nitric  and  oxalic  acids  may 
now  be  added  to  this  salt,  when  the  same 
action  ensues,  and  will  proceed  with  fresh 
additions  ad  infinitum} 

'  The  explanation  I  would  offer  of  tliis 
action  of  the  proto-salt  of  manganese  is  this. 
The  atoms  of  nitric  acid  being  already  in  a 
state  of  tension  by  the  attraction  of  tlie 
oxalic  acid  for  its  oxygen,  a  very  feeble 
additional  force  suffices  to  complete  the  de- 
composition of  the  nitric  acid.  This  is  sup- 
plied by  the  salt  of  protoxide  of  manganese, 
which  has  a  slight  tendency  to  unite  with 
oxygen  ;  but  at  the  instant  of  its  liberation, 
tlie  oxygen  is  called  upon  to  select  with 
which  of  the  bodies  it  will  unite,  as  both 
exercise  a  certain  amount  of  affinity  for  it. 
The  affinity  of  oxalic  acid  for  oxygen  being 

^  The  experiment  may  be  modified  by  heating  a  mixture  of 
oxalic  acid  and  nitric  acid  until  oxidation  of  the  oxalic  acid 
commences,  and  then  diluting  it  until  the  action  ceases.  It 
immediately  recommences  on  the  addition  of  a  small  quantity 
of  proto-salt  of  manganese.  . 
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far  greater,  under  the  existing  circumstances, 
it  therefore  becomes  oxidised  with  production 
of  carbonic  acid,  while  the  protoxide  of  man- 
ganese is  free  to  exert  a  similar  influence  on 
other  molecules  of  oxalic  and  nitric  acids, 

'  Mixtures  of  nitric  acid  with  tartaric  and 
other  vegetable  acids,  the  nitric  acid  being 
too  weak  for  direct  oxidation,  undergo  a 
similar  change  by  the  addition  of  a  small 
quantity  of  a  proto-salt  of  manganese.' 

The  influence  by  which  such  decomposi- 
tions are  effected  Mercer  proposed  to  desig- 
nate, until  a  better  name  should  be  suggested, 
'  assistant  aflBnity.'  In  the  same  communica- 
tion to  the  British  Association  he  also  de- 
scribed other  interesting  illustrations  of  his 
views  on  this  subject.  He  pointed  out  the 
striking  decomposition  which  solutions  of  the 
hypochlorites  undergo  by  the  addition  of  a 
small  quantity  of  various  metallic  oxides. 

If  a  minute  quantity  of  hydrated  peroxide 
of  manganese  is  added  to  a  solution  of  hypo- 
chlorite of  lime,  decomposition  immediately 
takes  place  with  disengagement  of  oxygen 
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gas  and  production  of  chloride  of  calcium, 
and  continues  until  the  whole  of  the  hypo- 
chlorite is  decomposed.  The  peroxide  of 
manganese  remains  apparently  unchanged. 

Peroxide  of  lead  and  hydrated  peroxide 
of  iron  produce  a  similar  decomposition  of 
the  hypochlorite,  but  much  slower. 

With  oxides  of  copper,  the  decomposition 
of  hypochlorite  of  lime  is  rapid  and  complete. 
A  few  grains  of  black  oxide  of  copper,  or  a 
few  drops  of  solution  of  nitrate  of  copper,  will 
suffice  to  effect  the  decomposition  of  an  ounce 
of  bleaching  powder,  which  should  be  well 
mixed  with  about  half  a  pint  of  water. 
Copper  filings,  which  soon  become  oxidised, 
produce  the  same  effect.  The  hypochlorite 
should  contain  excess  of  lime,  to  prevent  the 
copper  from  being  dissolved.  In  all  these 
cases  peroxide  of  copper  is  formed,  which 
appears  to  be  the  active  agent  in  effecting  the 
decomposition.  If  hypochlorite  of  soda,  to 
which  a  little  caustic  soda  has  been  added, 
is  substituted  for  the  lime  compound,  corre- 
sponding results  are  produced. 
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Such  decompositions  of  hypochlorites 
were  considered  by  Mercer  to  be  effected 
by  the  feeble  affinity  which  the  various 
metallic  oxides  possess  for  additional  oxygen. 
Under  its  influence  the  molecule  of  the  hypo- 
chlorite, which  under  all  circumstances  is 
very  unstable,  splits  up  into  chloride  of  cal- 
cium (or  other  chloride)  and  free  oxygen. 
The  inherent  elastic  force  of  the  latter  then 
comes  into  play,  and  proves,  under  existing 
circumstances  of  temperature  and  pressure, 
stronger  than  the  affinity  of  the  metalUc 
oxide.  Oxygen  gas  is  therefore  disengaged, 
and  the  metallic  oxide  left  to  exert  its  influ- 
ence on  other  molecules  of  the  hypochlorite. 

In  further  illustration  of  his  views.  Mercer 
referred  to  a  circumstance  well  known  to 
makers  of  '  oxy muriate  of  tin.'  Nitric  acid, 
of  moderate  strength,  may  be  mixed  with 
protochloride  of  tin  without  immediate  oxida- 
tion ;  if  a  fragment  of  metalhc  tin  is  added, 
its  '  assistant  affinity  '  causes  immediate  action. 
The  same  effect  is  produced  by  passing  a  few 
bubbles  of  nitric  oxide  gas  through  a  similar 
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mixture.  Neither  nitric  oxide  nor  the  proto- 
chloride  effects  the  decomposition  of  the  nitric 
acid  separately,  but  by  their  conjoined  action 
decomposition  takes  place,  and  proceeds  with 
continuous  production  of  more  nitric  oxide. 

Again,  if  to  a  solution  of  chlorate  of  potash 
in  hydrochloric  acid,  just  sufficiently  dilute 
to  have  no  bleaching  power  on  indigo-dyed 
cloth,  we  add  a  little  chloride  of  manganese, 
the  mixture  acquires  bleaching  power  from 
the  production  of  free  chlorine. 

From  these  and  other  similar  experiments 
Mercer  was  led  to  the  general  conclusion  that 
most  of  the  cases  then  known  of  catalysis  are 
referable  to  the  feeble  '  assistant  affinity '  of 
the  catalytic  agent,  but  under  circumstances 
which  prevent'that  affinity  from  being  gra- 
tified by  combination.  Mercer's  theory  was 
afterwards  amply  enunciated  and  illustrated 
by  Dr.  Playfair,  in  a  paper  to  the  Chemical 
Society  ('Memoirs,'  vol.  iii.  348).  It  is  the 
only  satisfactory  ej^planation  yet  given  of 
catalysis. 
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ON  THE  CHEMICAL  CONSTITUTION  OF  BLEACHING 
POWDER. 

The  chemical  constitution  of  bleachinc^ 
powder  was  made  a  subject  of  investigation 
by  Mercer  before  it  had  received  much  atten- 
tion from  scientific  chemists.     He  did  not 
pubUsh  his  views  on  the  subject;  but  it  ap- 
pears from  various  memoranda  and  letters 
that,  before  he  became  acquainted  with  the 
researches  of  others,  he  adopted  the  same 
views  which  are  now  generally  held,  after  a 
great  deal  of  investigation  and  discussion  by 
various  chemists,  reaching  to  within  tlie  last 
few  years.    The  important  question  was  this — 
whether  bleaching  powder  is  a  compound  of 
lime  and  chlorine,  corresponding  to  a  peroxide, 
in  which  chlorine  takes  the  place  of  extra 
oxygen  in  the  peroxide,  according  to  Millon ; 
or  whether  it  is  a  mixture  of  chloride  of 
calcium  and  hypochlorite  of  lime,  according 
to  Balard.    The  conclusion  at  wliicli  Mercer 
arrived  was  that  fresh,  dry,  well-miade  bleach- 
ing powder  is  to  be  regarded  as  a  simple  com- 
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bination  of  lime  and  chlorine ;  but  when  mixed 
with  water ^  it  becomes  changed  to  a  mixture  of 
chloride  of  calcium  and  hypochlorite  of  lime. 

The  fact  that  dry,  recently  made  bleach- 
ing powder  can  be  completely  decomposed  by 
exposure  to  carbonic  acid  gas,  with  disen- 
gagement not  of  hypochlorous  acid  but  of  free 
chlorine,  is  a  strong  evidence  in  favour  of 
Millon's  view.  But  a  change  appears  to  take 
place  when  it  is  dissolved  in  water.  Mercer 
was  led  to  adopt  Balard's  view  as  to  the  con- 
stitution of  '  bleaching  liquor,'  chiefly  from 
its  behaviour  with  solutions  of  salts  of  copper 
and  with  indigo.  He  reasoned  that,  if  Millon's 
theory  is  correct,  a  quantity  of  bleaching 
liquor  containing  one  equivalent  of  chlorine 
united  with  one  equivalent  of  lime  (in  addi- 
tion to  a  little  free  lime  always  present)  should 
precipitate  the  whole  of  tlie  copper  from  one 
equivalent  of  the  nitrate;  and  that,  if  the 
copper  solution  is  gradually  added  to  the 
bleaching  liquor,  the  precipitate  (after  the 
saturation  of  the  free  lime)  should  be  of 
the  same  character  throughout,  until  the  full 
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equivalent  has  been  added ;  but  this  would 
not  be  the  case  if  Balard's  theory  is  correct. 

To  a  quantity  of  normal  bleaching  liquor 
containing,  say,  one  equivalent  of  available 
chlorine  (or  the  corresponding  quantity  of 
hypochlorous  acid),  he  added  first  a  little  solu- 
tion of  nitrate  of  copper  to  saturate  the  free 
lime  always  present,  and  immediately  after- 
wards (before  the  catalytic  decomposition 
just  described  had  commenced)  an  additional 
quantity  of  known  strength.  Copper  was 
precipitated,  at  first  of  a  dark  colour  (a  mix- 
ture of  protoxide  and  peroxide),  afterwards  as 
a  green  precipitate,  until  half  an  equivalent 
was  added  ;  all  the  copper  afterwards  re- 
mained in  solution.  The  liquid  did  not  smell 
of  free  chlorine,  but  evidently  contained  free 
hypochlorous  acid.  It  soon  underwent  de- 
composition ('  through  the  catalytic  influence 
of  the  precipitated  oxide  of  copper '),  but, 
Avhen  tested  promptly,  was  found  to  have  at 
least  four-fifths  of  tlie  oxidising  power  of  the 
original  bleaching  liquor.  This  result  was 
evidently  in  favour  of  Balard's  view,  according 
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to  wliicli  one-half  of  the  lime  exists  as  hypo- 
chlorite and  the  other  half  as  chloride  of 
calcium.  The  former  only  can  precipitate 
copper  from  the  nitrate  ;  the  hypochlorite  of 
lime  is  decomposed  by  the  nitrate  of  copper 
with  formation  of  nitrate  of  lime,  and  as 
hypochlorous  acid  is  incapable  of  maintain- 
ing oxide  of  copper  in  solution,  the  latter 
is  precipitated  and  the  liquor  contains  free 
hypochlorous  acid.  Thus  one  equivalent  of 
available  chlorine  in  bleaching  liquor  j^recipi- 
tates  only  half  an  equivalent  of  copper  from 
the  nitrate.^  Mercer's  experiments  with  sul- 
phate of  copper  and  bleaching  liquor  gave 
results  corresponding  to  those  with  the 
nitrate.  Every  manipulator  with  bleaching 
powder  is  aware  that  on  mixing  good  powder 
in  a  mortar  with  water,  the  mixture,  at  first 
thin,  in  a  few  minutes  becomes  thick  and 
stiff,  suggesting  a  chemical  combination  with 
water,  or  some  change  in  chemical  constitu- 

^  In  the  Appendix  (§  XVI.)  will  be  found  a  letter  from 
]Mercer  to  Dr.  Playfair,  written  some  years  afterwards  (1841), 
containing  an  account  of  his  repetition  of  the  nitrate  of  copper 
experiment,  with  like  results. 
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tion.  Mercer  regarded  this  as  the  change 
from  Miilon's  dry  chloride  to  Balard's  mixed 
hypochlorite  and  chloride. 

Experiments  on  the  action  of  bleaching 
liquor  on  indigo,  made  about  the  same  time, 
gave  him  results  in  accordance  with  the 
above  conclusion.  In  a  memorandum  on  this 
subject  he  has  observed  that  when  cotton  ^ 
cloth  dyed  with  indigo  is  exposed  to  true 
oxidising  agents,  free  from  chlorine,  such  as 
permanganate  of  potash  and  sulphuric  acid, 
bichromate  and  sulpliuric  acid,  peroxide  of 
manganese  and  an  acid,  peroxide  of  lead  and 
an  acid,  and  red  prussiate  of  potash  and 
caustic  alkali,  the  blue  becomes  weaker  and  is 
presently  discharged,  leaving  the  cloth  white. 
But  with  free  chlorine  and  free  hypoclilorous 
acid  different  effects  are  produced  ;  as  appears 
from  the  following  observations  on  the  action, 
on  indigo  cloth,  of  bleaching  liquor  (of  1^ 
pound  to  the  gallon)  after  the  addition  of 

^  The  above  statement  does  not  apply  to  silk  and  wool, 
dyed  with  indigo  in  the  same  manner  as  cotton.  On  these  the 
action  of  the  above  agents  is  somewhat  different.   (Mercer.  ) 
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successive  portions  of  hydrochloric  acid.  As- 
suming the  hme  in  the  liquor  to  be  one 
equivalent,  the  addition  of  acid  up  to  one- 
fourth  of  an  equivalent  gives  a  mixture  w^hich 
iiiimediately  diminishes  the  colour  of  indigo 
cotton  cloth,  through  fine  pale  blue  to  white. 
Above  one-fourth  of  an  equivalent  of  acid,  a 
buff  or  orange  colour  appears,  at  first  mixed 
with  blue  ;  at  half  an  equivalent  of  acid  the 
buff  colour  is  immediately  produced  '  clean 
and  perfect ; '  above  half  an  equivalent  of 
acid  the  mixture  gradually  loses  its  property 
of  producing  the  buff  colour,  and  its  decolour- 
ising power  also  diminishes  so  that  the  blue 
is  not  at  once  discharged  ;  it  acquires,  how- 
ever, a  greyish  tint.  When  a  full  equivalent 
of  acid  is  added,  the  blue  is  scarcely  affected 
at  first ;  '  instead  of  being  discharged  in  a 
second  or  two,  the  colour  is  strong,  after 
the  lapse  of  a  quarter  or  even  half  an  hour.' 
There  appear,  therefore,  to  be  three  stages  : 
in  the  first,  the  blue  is  diminished  and  pre- 
sently disappears  ;  in  the  second,  it  is  changed 
to  buff;  and  in  the  third,  there  is  compara- 
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tively  little  immediate  action.  It  will  be 
obvious  that  these  results  favour  the  views 
of  Balard  rather  than  those  of  Millon. 
Hypochlorite  of  lime,  with  only  a  little  free 
liypochlorous  acid,  appears  to  act  similar  to 
tlie  above  oxidising  agents  ;  free  liypochlorous 
acid  produces  the  buff  compound  of  indigo 
with  chlorine  ;  but  free  chlorine,  produced 
on  the  addition  of  the  second  half  equivalent 
of  hydrochloric  acid,  does  not,  under  the 
above  circumstances,  form  that  compound. 

With  reference  to  the  best  proportion  of 
acid  and  bleaching  liquor  to  produce  a  buff, 
Mercer  has  observed  :  '  I  have  found,  by  care- 
ful trials  with  the  strengths  properly  ascer- 
tained, the  pure  buff  is  obtained  when  the 
acid  is  just  enough  to  unite  with  the  whole 
of  the  free  lime  and  half  of  the  combined 
lime  (that  is,  hme  combined  with  chlorine).' 
The  buff  compound  may  also  be  produced 
on  blue  cotton  by  the  mixture  of  nitrate  of 
copper  with  bleaching  liquor. 

In  connection  with  this  subject  Mercer 
made  a  few  other  interesting  observations. 
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When  the  buff  cloth,  prepared  as  above,  with 
the  half  equivalent  of  acid  is  put  into  caustic 
alkali  which  has  previously  been  boiled  witli 
sugar,  the  blue  colour  reappears  of  about 
one-half  the  original  depth  ;  but  when  similar 
cloth  is  put  into  alkali  without  sugar,  '  it 
acquires  a  very  pale  shade  not  nearly  so  deep. 
The  alkali,  by  combining  with  chlorine,  parts 
with  oxygen,  which  acts  in  one  case  on  the 
sugar,  in  the  other  on  the  indigo.'  After 
keeping  for  some  time,  eitlier  with  or  without 
exposure  to  light,  the  buff  colour  gradually 
disappears,  and  is  replaced  by  blue  to  a  depth 
of  about  one-third  of  the  oris^inal  colour. 

Iodine  water  produced  little  or  no  effect 
on  indigo-dyed  cotton,  but  on  the  addition 
of  a  little  lime,  chalk,  or  sesquicarbonate  of 
ammonia,  the  colour  was  discharged.  In 
bromine  water  the  colour  disappeared. 

From  all  his  experiments  on  this  subject. 
Mercer  concluded  that  the  proper  bleaching 
agent  for  indigo  is  oxygen  rather  than 
chlorine  ;  in  which  respect  it  differs  from 
madder  and  most  other  organic  colouring 
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matters.  In  accordance  with  this  view  is  his 
appHcation  of  a  mixture  of  red  prussiate  of 
potash  and  alkah  before  referred  to. 

In  his  experiments  witli  nitrate  of  copper 
and  solution  of  bleaching  powder,  Mercer 
observed  the  formation,  under  some  circum- 
stances, of  a  higher  oxide  of  copper  than  the 
protoxide,  to  which  he  refers  in  the  above- 
mentioned  letter  to  Dr.  Playfair,  to  be  found 
in  the  Appendix.  He  did  not,  however,  at 
that  time  pursue  his  experiments  on  that 
subject,  as  he  soon  learned  that  Thenard  had 
already  discovered  the  existence  of  a  peroxide 
of  copper,  which  he  prepared  by  means  of 
peroxide  of  hydrogen ;  and  that  Winkieblech 
had  made  peroxides  by  a  method  similar  to 
his  own,  namely,  by  mixing  solutions  of 
metallic  salts  with  solution  of  hypochlorite 
of  soda.  Mr.  Walter  Crum,  of  Glasgow,  in  a 
paper  on  this  subject  to  the  Chemical  Society 
in  1845,  refers  to  Mercer's  having  observed 
tlie  formation  of  a  peroxide  of  copper  '  many 
years '  previously.  The  same  experiments 
with  bleaching  powder  and  nitrate  of  copper 
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led  him  to  make  the  interesting  observations, 
to  which  we  have  already  referred,  on  the 
catalytic  decomposition  of  the  hypochlorites 
by  contact  with  a  small  quantity  of  certain 
metaUic  oxides. 

ON  SOLUTIONS  OF  METALLIC  OXIDES  IN  LIQUIDS 
CONTAINING  OEGANIC  MATTERS. 

At  a  very  early  period  in  the  course  of 
his  experimental  investigations,  Mercer  had 
noticed  the  property  possessed  by  albuminous 
and  gelatinous  liquors  of  dissolving  certain 
metallic  oxides,  thus  forming  solutions  from 
which  the  oxide  is  not  precipitated  on  the 
addition  of  an  alkali.  He  had  also  observed 
that  when  a  piece  of  cotton  cloth  impregnated 
with  peroxide  of  iron  is  soaked  in  an  infusion 
of  cochineal  in  distilled  water,  the  oxide  of 
iron  is  entirely  dissolved.  In  1842  he  ex- 
amined this  subject  more  minutely,  and  com- 
municated some  of  his  results  to  the  British 
Association  at  their  Manchester  meeting,  not 
as  a  separate  paper,  but  in  connection  with 
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remarks  which  had  been  made  by  Dr.  Play- 
fair.  He  then  gave  the  following  account  of 
experiments  with  infusion  of  cochineal,  made 
by  pouring  a  gallon  of  boiling  distilled  water 
on  eight  ounces  of  powdered  cochineal. 

To  half  a  pint  of  that  infusion  he  added 
his  black  or  artificial  magnetic  oxide  of  iron 
(FcgOg  +  2FeO,  see  p.  67),  which  had  not  been 
dried,  equivalent  tOy^g^of  an  ounce  of  crystallised 
protosulphate,  together  with  jL  of  an  ounce 
of  soda  crystals;  on  heating  the  liquor  to  near 
the  boiling-point,  the  whole  of  the  oxide  dis- 
solved, 'forming  a  beautiful  solution  much  re- 
sembling orchil  liquor.'  The  residue  obtained 
on  evaporating  this  liquor  to  dryness  was  com- 
pletely soluble  in  distilled  water,  the  solution 
having  the  same  colour  as  before  evaporation. 

To  another  similar  portion  he  added  solu- 
tion of  protochloride  of  iron  equivalent  to 
of  an  ounce  of  crystallised  protosulphate, 
and  of  an  ounce  of  soda  crystals  ;  on 
heating,  the  whole  of  the  protoxide  of  iron 
was  dissolved,  forming  a  liquor  of  '  a  deep 
slate  colour  or  bluish  black.' 
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To  another  portion  of  the  cochineal  infusion 
he  added,  in  similar  proportions,  pernitrate  of 
iron  and  carbonate  of  soda.  The  peroxide  of 
iron  was  completely  dissolved,  'the  red  colour 
of  the  liquor  remaining  almost  unchanged  by 
the  iron.' 

In  these  various  solutions  the  oxides  of 
iron  form  peruliar  combinations  with  the 
colouring  matter,  which  are  not  decomposable 
by  an  alkali  ;  neither  is  any  precipitate  pro- 
duced when  the  alkali  present  is  neutralised 
by  the  addition  of  an  acid.  These  compounds, 
therefore,  are  not  to  be  regarded  as  ordinary 
salts,  consisting  of  the  oxide  with  an  excess  of 
the  acid  colouring  matter  (or,  as  it  is  now 
termed,  carminic  acid).  Mercer  remarked 
that  the  only  way  by  which  he  had  been 
able  to  produce  a  precipitate  of  oxide  and 
colouring  matter  (or  a  lake)  from  such 
liquors,  was  by  adding  more  of  the  oxide  ; 
the  whole  of  the  colouring  matter  Avas  then 
precipitated. 

From  these  experiments,  and  others  per- 
formed in  a  similar  manner  with  oxides  of 
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tin,  Mercer  concluded  tliat  the  colouring 
matter  of  cochineal  is  capable  of  uniting  witli 
such  oxides  in  at  least  two  proportions  ;  that, 
in  the  first  place,  it  forms  compounds  whicli 
may  be  regarded  as  acids  capable  of  uniting 
with  bases,  forming  soluble  compounds  with 
alkalies,  and  insoluble  compounds  (lakes)  with 
metallic  oxides.  In  the  case  of  protoxide  of 
iron,  for  example,  the  colouring  matter  forms, 
with  the  first  portion  of  oxide,  a  soluble  com- 
bination which  may  be  compared  to  a  ferro- 
cyanide  (or  hydroferrocyanic  acid)  ;  which, 
by  the  addition  of  more  oxide  of  iron,  affords 
the  insoluble  lake,  corresponding  to  Prussian 
blue.  That  this  view  is  correct  is  highly 
probable  from  the  fact  observed  by  Mercer, 
that  the  insoluble  compounds  with  full  pro- 
portion of  tlie  oxides  are  capable  of  decom- 
position by  an  alkali  in  the  same  manner  as 
Prussian  blue  ;  the  results  being  a  part  of  the 
oxide  in  an  insoluble  state,  and  a  solution  of 
the  alkaline  salt  containing  the  other  portion 
of  the  oxide  (or  metal)  in  combination  with 
the  colouring  matter.  ^ 
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Some  experiments  which  he  afterwards 
made  with  other  hquors  gave  corresponding 
results.    On  adding  to  a  gallon  of  Persian- 
berry  liquor  four  ounces  of  tin  crystals  and 
four  and  a  half  ounces  of  soda  crystals,  tlie 
protoxide  of  tin  was  completely  dissolved. 
1^0  deposit  was  formed  on  boiling.    On  the 
addition  of  four  ounces  more  of  tin  crystals, 
the  boiling  being  continued,  nearly  all  the 
colouring  matter  was   separated   from  tlie 
liquor  in  combination  with  protoxide  of  tin 
as  '  a  very  fine  orange  precipitate.'    On  sub- 
stituting perchloride  of  tin  for  the  second 
portion  of  tin  salt,  the  precipitation  was  so 
complete  that  the   supernatant   liquor  was 
colourless.    To  obtain  the  soluble  compound 
of  the  oxide  and  colouring  matter,  it  was 
found  necessary  to  use  the  oxide  (or  carbonate) 
instead  of  the  chloride ;  with  tin  salt  (in  the 
same  proportion)  without  soda,  a  dense  orange 
precipitate  was  formed  on  boiling. 

Infusion  of  madder  was  also  found  to 
possess  the  property  of  dissolving  oxides  in 
small  quantity.    One  pint  of  an  infusion  made 
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with  eight  ounces  of  Turkey  madder  and  one 
gallon  of  boiling  water  (filtered  and  then 
allowed  to  stand  for  a  few  days  to  become 
perfectly  clear),  when  mixed  with  of  an 
ounce  of  alum  and  3^^^  of  an  ounce  of  soda 
crystals,  formed  a  perfect  solution.  The 
same  was  the  case  with  of  an  ounce  of 
tin  crystals  and  of  an  ounce  of  soda 
crystals.  With  twice  these  proportions, 
the  precipitate  which  appeared  was  only  a 
trace.  Boihng  the  liquor  caused  no  pre- 
cipitation. 

The  difference  in  the  colours  of  the 
cochineal  compounds  with  protoxide  and  per- 
oxide of  iron,  the  former  being  deep  slate 
colour  and  the  latter  red,  was  a  subject  of 
peculiar  interest  at  the  time  when  Mercer 
made  it  known,  from  the  support  which  it 
gave  to  Liebig's  views  concerning  the  dif- 
ference between  arterial  and  venous  blood. 
That  philosopher  had  not  long  before  pub- 
lished his  opinion  that,  in  the  change  from 
one  kind  of  blood  to  the  other,  oxide  of  iron 
plays  an  active  part ;  and  that  it  exists  in  the 
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state  of  peroxide  in  arterial,  and  as  pro- 
toxide in  venous  blood.  So  far  as  regards 
the  difference  in  colour,  this  view  derived 
considerable  support  from  the  above  observa- 
tions on  the  cochineal  compounds.  Mercer 
used  to  speak  to  his  medical  friends  about  the 
desirability  of  having  a  compound  of  hsema- 
tosyn  (prepared  from  the  blood  of  cattle)  and 
oxide  of  iron  for  medicinal  use,  but  I  am  not 
aware  that  the  suggestion  was  ever  carried 
out. 

ON  FERROCYANIDES  AND  NITROPRUSSIDES. 

Another  chemical  subject,  extending  be- 
yond the  bounds  of  strictly  technical  work, 
to  which  Mercer  bestowed  some  attention  in 
spare  hours,  was  the  chemical  constitution  of 
the  ferrocyanides. 

He  entirely  concurred  with  the  view  pro- 
pounded by  Liebig  concerning  the  existence  of 
the  salt-radical  ferrocyanogen  ;  but  numerous 
experimental  observations  led  him  to  the 
conclusion  that  the  equivalent  weight  of 
ferrocyanide  of  potassium   is   double  that 
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which  was  then  generally  received ;  as  its 
molecule  contains  four  equivalents  of  potas- 
sium instead  of  two,  as  was  then  believed. 
Many  years  subsequently,  theoretical  consi- 
derations in  connection  with  atomic  volumes 
led  chemists  to  the  same  conclusion.  The 
doubling  of  the  equivalent  of  iron  necessitated 
that  of  the  ferrocyanides.^ 

The  experiments  referred  to  convinced 
Mercer  that  one-fourth  of  the  base  in  ferro- 
cyanide  of  potassium  exists  in  a  different  state 
of  combination  with  ferrocyanogen  from  the 
remaining  three-fourths.  He  observed  that 
on  adding  diluted  sulphuric  acid  to  solution 
of  the  ferrocyanide,  when  the  proportion  of 
sulphuric  acid  exceeded  the  equivalent  of 
three-fourths  of  the  potash,  the  mixture  gave 
indications  of  the  presence  of  free  sulphuric 
acid.  This  was  proved  by  its  action  on 
cotton  cloth.  If  such  a  mixture,  previous  to 
the  formation  of  a  precipitate,  is  spotted  on  ar 
piece  of  calico,  dried  without  allowing  time  for 

^  The  new  formula  for  yellow  prussiate  of  potash,  + 
FeCyg,  having  been  substituted  for  the  old  formula,      +  FeGy^. 

K  2 
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oxidation,  and  then  heated  in  an  oil  bath,  the 
cloth  is  uninjured  if  the  acid  does  not  exceed 
three-fourths  of  the  potash,  but  it  becomes 
'  tendered '  if  the  acid  exceeds  that  proportion. 
If,  however,  oxidation  is  allowed  to  take 
place  on  the  cloth  previous  to  the  heating, 
Prussian  blue  is  formed  together  with  red 
prussiate,  and  the  free  sulphuric  acid  becomes 
neutralised. 

Again,  according  to  Mercer,  the  ferro- 
cyanides  precipitated  on  the  addition  of  solu- 
tion of  yellow  prussiate  of  potash  to  various 
metallic  solutions — namely,  those  of  iron 
(in  the  ferrous  state),  copper,  manganese,  and 
zinc — contain  three  equivalents  of  the  metal 
with  one  equivalent  of  potassium  ;  notwith- 
standing the  metallic  salt  may  be  present  in 
large  excess.  Solutions  of  tin  and  lead,  on  the 
contrary,  afford  precipitates  containing  four 
equivalents  of  the  metal,  free  from  potassium.^ 
He  also  advocated  doubling  the  equivalent  of 

^  Referring  to  these  exceptions,  Mercer  said  :  *  I  suspect  one 
equivalent  of  lead  or  tin  is  in  quite  a  different  state  from  the 
other  three  equivalents.' 
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ferrocyanogen  from  the  fact  that  the  ferro- 
cyanides  of  barium  and  calcium  retain,  when 
dried  at  a  strong  heat,  approaching  that  of 
complete  decomposition,  half  an  equivalent  of 
water,  calculated  on  the  old  equivalent. 

In  a  letter  written  in  1846  to  Dr.  Playfair, 
who  was  then  making  some  researches  on  the 
prussiates,  he  wrote :  '  You  may  remember 
how  many  things  I  mentioned  at  the  Whalley 
meetings  in  proof  that  one  equivalent  of 
potassium  is  held  more  powerfully  than  the 
other  three.  ...  In  the  production  of  steam 
Prussian  blue  by  means  of  a  mixture  of  yellow 
prussiate  of  potash  with  an  acid  (usually  tar- 
taric), the  dppth  of  the  colour  is  in  proportion 
to  the  quantity  of  acid  employed  up  to  three 
equivalents  to  four  of  potash.  Increase  of 
acid  beyond  that  proportion  gives  no  increase 
of  colour.' '  Such  was  the  conclusion  derived 
from  practical  observations  ;  but  it  is  not  to 
be  inferred  therefrom  that  an  excess  of  tartaric 
acid  cannot  under  certain  circumstances  unite 
with  all  the  potash.  This  has  been  proved 
to  be  the  case.     He  also  remarked  that  to 
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produce  their  best  blues  they  always  intro- 
duced an  ammoniacal  salt  and  a  tin  material ; 
the  improvement  caused  by  that  addition  is 
very  considerable.  '  I  do  not  think  you  can 
find,'  he  wrote  to  the  same  correspondent,  '  any 
parallel  between  the  phosphates  and  ferro- 
cyanides.  There  is  more  analogy  between  the 
latter  and  the  tartrates.  In  the  ferrocyanides, 
we  have  not  only  binary  but  tertiary  and 
quadruple  combinations ;  compounds  of  the 
proto-type  and  compounds  of  the  sesqui-type, 
easily  convertible  into  each  other,  and  ca- 
pable of  combining  with  each  other ;  slight 
circumstantial  changes  affecting  the  result. 
This  subject  is  therefore  one  not  only  of 
complexity  but  of  perplexity.' 

In  his  memoranda  he  has  frequently  noticed 
the  fact  since  pointed  out  by  Dr.  Williamson,^ 
that  yellow  prussiate  of  potash,  in  contact  with 
Prussian  blue,  becomes  changed  to  red  prus- 
siate ;  and  concluded,  from  the  diminution  in 
the  specific  gravity  of  the  liquor,  that  the 
change  consists  not  in  the  transfer  of  cyanogen 

^  Mem.  Chem.  Soc.  vol.  iii.  p.  125. 
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from  the  insoluble  blue  to  the  yellow  prussiate, 
but  from  the  transfer  of  potassium  from  the 
soluble  to  the  insoluble  prussiate. 

In  his  experiments  with  the  prussiates, 
Mercer  did  not  overlook  the  peculiar  action 
of  nitric  acid  on  ferrocyanide  of  potassium. 
This  was  a  subject  of  discussion  at  the 
Whalley  meetings  in  1842  ;  and  observations 
then  made  induced  Dr.  Playfair  to  investigate 
the  subject  thoroughly.  The  results  of  his 
researches  were  communicated  to  the  Koyal 
Society,  and  published  in  the  Philosophical 
Transactions  in  1849.  In  Mercer's  corre- 
spondence with  Dr.  Playfair  in  1847,  he  gave 
some  account  of  his  old  experiments  in  1843, 
and  also  of  more  recent  experiments.  He 
stated  that  '  the  red  modification  of  ferri- 
cyanic  acid  '  (the  acid  of  the  class  of  salts 
since  called  '  nitroprussides,'  the  composition  of 
which  was  then  unknown)  '  cannot  be  obtained 
without  nitric  acid.  It  may  be  produced  by 
the  action  of  nitric  acid  not  only  on  ferro- 
cyanide of  potassium,  but  on  the  ferrocyanides 
of  lead  and  tin,  and  the  white  ferrocyanide 
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of  iron.'  The  most  characteristic  property  of 
nitroprussic  acid  and  its  soluble  salts  is  that 
of  forming  a  deep-coloured  liquid  by  admix- 
ture with  a  soluble  sulphide.  '  The  most 
striking  colours  I  ever  saw,'  wrote  Mercer, 
'  are  produced  by  adding  a  drop  or  two  of 
this  modification  of  ferricyanic  acid  to  a. 
solution  of  any  hydrosulphuret,  such  as  the 
colourless  liquor  made  with  gas-lime  (of  3° 
Tw.  or  more).  I  think  the  red  hydro- 
sulphuret, containing  free  sulphur,  does  not 
act  so  well  as  when  there  is  no  excess  of 
sulphur.  A  little  red  arsenic  dissolved  in 
caustic  alkali  does  very  well.  The  colours 
may  be  modified  by  the  addition  of  caustic 
alkali  or  ammonia.  A  little  of  the  red  mo- 
dification gives  a  rich  pink ;  by  gradually 
increasing  the  quantity  the  colour  passes 
through  the  richest  orchil  purples  to  a  fine 
ultramarine  blue,  and  also  green.  The 
colours  are  well  exhibited  by  dropping  the 
liquid  on  bleached  calico  ;  but,  unfortunately, 
tliey  soon  fade,  even  before  the  cloth  is  dry.' 
In  another  letter  he  writes :  '  Although  the 
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colour  is  so  unstable,  yet  we  should  not  give 
up  the  hope  of  getting  it  in  a  permanent  form. 
We  have  seen  it  only  in  a  fleeting  condition ; 
but  many  compounds  which  have  only  a  tem- 
porary existence  under  peculiar  circumstances, 
are  permanent  under  other  circumstances.' 

The  proportions  of  materials  which  Mercer 
considered  the  best  for  making  the  nitro- 
prussiate  are  3^  ounces  of  ferrocyanide  of 
potassium  mixed  first  with  2  ounces  of  water, 
and  5 J  ounces  of  nitric  acid  of  58°  Tw. ;  the 
latter  should  be  added  gradually,  to  avoid  too 
energetic  action.  From  subsequent  experi- 
ments, in  which  the  materials  were  allowed  to 
act  slowly,  at  ordinary  temperature,  for  a 
considerable  time,  until  quite  free  from  ferro- 
cyanide and  ferricyanide,  Mercer  concluded 
that  the  resulting  nitroprusside  is  mixed  with 
a  peculiar  soluble  compound  containing  iron 
and  cyanogen  (comprising  ^  of  the  iron  pre- 
sent in  the  original  ferrocyanide) ;  in  which 
the  iron  is  in  an  anomalous  state,  not  de- 
tectable by  the  ordinary  tests.  This  peculiar 
compound  is  slowly  decomposed  by  heat.  It 
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is  also  decomposed  by  alkalies ;  slowly  in  the 
cold,  but  quickly  when  heat  is  applied,  giving 
a  precipitate  which  contains  peroxide  of  iron.^ 

ON  SOME  PROPERTIES  OF  ALUMINA  AND  METALLIC 
PEROXIDES. 

As  every  particular  respecting  the  pro- 
perties of  alumina  is  of  special  interest  to  the 
scientific  calico-printer,  Mercer  made  numer- 
ous experiments  on  that  subject,  and  brought 
to  light  some  points  of  interest  which  had  not 
been  previously  noticed  in  chemical  treatises. 
In  a  letter  to  Dr.  Playfair,  dated  February 
1842,  he  remarks  :  '  I  have  a  few  facts  re- 
lating to  the  politics  of  alumina  which  I  have 
not  seen  in  books,  and  have  noticed  some 
peculiar  properties  of  alumina  in  the  moist 
precipitated  state  which  are  not  well  under- 
stood.   Alumina   has   a  great  tendency  to 

^  In  his  correspondence  on  the  nitroprussides,  he  incident- 
ally makes  the  following  observation :  '  A  solution  containing 
red  prussiate  of  potash,  sulphocyanide  of  potassium  and  caustic 
alkali  may  be  boiled  without  oxidation  of  the  sulphocyanide 
taking  place  ;  yet  sulphocyanide,  mixed  with  a  little  free  acid, 
is  one  of  our  best  deoxidisers.  It  is  largely  used  by  us  for  that 
purpose.' 
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assume  a  form  which  is  scarcely  acted  on  by 
either  acids  or  alkahes.  Does  not  this  show 
that  there  is  some  union  or  new  arrangement 
of  the  aluminous  particles  among  themselves 
(as  of  an  acid  with  a  base)  ?  This  may  be  the 
reason  of  the  difficulty  of  reducing  alumina  to 
a  lower  oxide  and  to  aluminum  when  heated 
with  carbon/ 

He  observed  that  there  are  two  ways 
whereby  precipitated  alumina  may  be  made 
to  assume  this  form  of  difficult  solubility : 

1.  By  prolonged  boiling  of  the  precipitate 
formed  in  a  dilute  solution  of  alum  by  a  very 
slight  excess  of  carbonate  of  soda  ;  and 

2.  By  digesting  moist  precipitated  alumina 
in  a  small  quantity  of  soda  solution ;  when  it 
combines  with  a  little  soda,  forming  a  com- 
pound which,  according  to  Mercer,  is  scarcely 
at  all  soluble  in  acids  or  alkahes. 

To  obtain  this  peculiar  form  of  alumina 
he  recommended  the  following  process  :  '  To 
a  solution  of  5  ounces  of  alum  in  a  pint  of 
water  add  a  solution  of  4^  ounces  of  soda 
crystals  in  a  pint  of  water  (both  cold),  and 
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wash  the  precipitate  on  a  filter  with  cold 
water.  To  remove  all  sulphate,  dissolve  the 
precipitate  in  nitric  acid  [^-^  of  a  gill,  58°  Tw. 
will  suffice,  which  corresponds  to  half  the 
sulphuric  acid  originally  combined  with  alu- 
mina in  the  alum)  and  reprecipitate  the  alu- 
mina by  a  slight  excess  of  carbonate  of  soda. 
Tiien  boil  the  mixture,  filter,  and  wash. 
While  moist,  remove  the  alumina  from  the 
filter  and  mix  it  with  a  little  weak  caustic 
soda.  I  use  one-eighth  of  the  soda  which 
would  have  been  necessary  to  neutralise  the 
sulphuric  acid  originally  present  in  combina- 
tion with  alumina.  Boil  for  a  short  time, 
and  then  filter.  About  half  of  the  soda  be- 
comes attached  to  the  alumina ;  the  other 
half  is  removed  by  washing.'  Such  a  propor- 
tion would  suggest  for  the  composition  of  this 
aluminous  compound  five  equivalents  of  alu- 
mina and  one  equivalent  of  soda.  If  mixed 
with  excess  of  nitric  acid,  it  gradually  be- 
comes gelatinous,  but  is  still  insoluble  in 
acids. 

This  insoluble  alumina  of  Mercer  appears 
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to  be  the  '  pectous '  form  of  metalumina,  ob- 
tained several  years  afterwards  by  Mr.  Walter 
Crum  by  prolonged  heating  of  a  solution  of 
acetate  of  alumina  in  a  close  vessel. 

A  subject  among  '  the  politics  of  alumina,' 
on  which  Mercer  made  numerous  experiments 
at  an  early  period  in  his  course,  was  the  ques- 
tion— to  what  extent  can  alumina  be  dissolved 
by  the  three  mineral  acids,  sulphuric,  hydro- 
chloric, and  nitric  ? 

His  results,  which  were  generally  uniform, 
led  him  to  the  conclusion  that  one  equivalent 
of  sulphuric  acid  can  dissolve  one  equivalent 
of  alumina ;  that  is  to  say,  three  times  the 
proportion  existing  in  common  alum,  dis- 
regarding the  sulphate  of  potash.  He  found 
that  hydrochloric  acid  is  capable  of  dissolving 
more  than  that  proportion,  and  that  nitric 
acid  does  not  dissolve  alumina  so  readily  as 
either  sulphuric  or  hydrochloric  acid.  He  re- 
commended the  following  method  of  obtain- 
ing a  strong  solution  of  the  basic  sulphate : 
Dissolve  487  grains  of  ground  potash  alum  in 
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*  2  spoons  '  (-j^  of  a  pint)  of  boiling  water ; 
also  288  grains  of  soda  crystals  in  a  similar 
quantity  of  water ;  add  two-thirds  of  the 
alum  solution  to  the  soda  solution  ;  mix  well 
to  ensure  complete  precipitation  ;  and  then 
add  the  remainder  of  the  alum  solution. 
'  The  precipitated  alumina  is  all  redissolved/ 
When  a  little  of  this  solution  is  dropped  into 
water,  alumina  is  immediately  precipitated. 
No  precipitate  is  produced  when  it  is  added 
to  a  saturated  solution  of  chloride  of  sodium. 
When  added  to  strong  solutions  of  sulphate 
of  zinc,  sulphate  of  manganese,  and  proto- 
sulphate  of  iron,  no  immediate  precipitation 
takes  place.  The  strong  solution  of  subsul- 
phate  of  alumina  and  also  the  mixture  with 
chloride  of  sodium  soon  become  gelatinous  on 
standing.  By  evaporation  at  ordinary  tem- 
peratures it  acquires  a  gummy  consistence. 

In  hydrochloric  acid.  Mercer  found  that 
alumina  may,  under  certain  circumstances,  be 
dissolved  to  a  larger  extent  than  in  sulphuric 
acid.  He  first  observed  that  alumina  precipi- 
tated from  cold  solutions  of  alum  and  car- 
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bonate  of  soda,  washed  with  cold  water,  may 
be  dissolved  in  a  quantity  of  cold  hydrochloric 
acid  corresponding  to  one-fourth  of  the  sul- 
phuric acid  in  the  tersulphate  ;  but,  on  taking 
precautions  to  avoid  the  presence  of  a  trace 
of  sulphate,  he  obtained  a  solution  containing 
a  much  larger  proportion  of  alumina.  He 
operated  on  chloride  of  aluminium  prepared 
by  double  decomposition  of  the  sulphate  with 
chloride  of  barium ;  and  found  that  alumina 
precipitated  from  the  chloride  by  carbonate  of 
ammonia  could  be  dissolved  in  the  chloride 
to  an  extent  corresponding  to  nine  times  the 
proportion  of  base  in  normal  aluminous  salts. 
For  a  further  account  of  his  experiments  on 
this  subject,  with  special  reference  to  the  ap- 
plication of  the  basic  chloride  of  aluminium 
to  calico-printing,  the  reader  is  referred  to 
the  Appendix  (§  XVII.). 

From  similar  basic  solutions  of  chloride  of 
aluminium  Graham  was  enabled,  many  years 
after  Mercer's  experiments,  to  obtain,  by  means 
of  his  dialyser,  soluble  alumina  almost  free 
from  chloride  of  aluminium. 
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Mercer's  letters  and  memoranda  contain 
interesting  observations  on  some  compounds 
of  alumina  with  metallic  oxides,  and  other 
analogous  compounds. 

On  adding  a  solution  of  sulphate  of  man- 
ganese or  chloride  of  manganese  to  the  solu- 
tion of  alumina  obtained  by  tlie  y^artial  de- 
composition of  alum  by  carbonate  of  soda, 
hoth  being  dilute^  a  white  precipitate  falls, 
consisting  of  alumina  and  protoxide  of 
manganese.  If  any  carbonate  is  present,  the 
precipitate,  by  being  heated  in  the  liquid, 
disengages  carbonic  acid,  and  is  then  free 
from  carbonate.  This  precipitate  retains  its 
whiteness  on  exposure  to  the  air ;  which 
shows  it  to  be  a  true  chemical  combination  of 
alumina  with  protoxide  of  manganese.  It  is 
only  partially  soluble  in  strong  acetic  acid; 
both  the  undissolved  portion  and  the  solu- 
tion contain  both  alumina  and  protoxide  of 
manganese.  It  is  darkened  by  solution  of 
chloride  of  lime,  also  by  exposure  to  air  after 
treatment  with  a  caustic  alkali.  By  being 
heated  in  the  air  to  dull  redness,  it  becomes 
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dark  brown.  The  solution  of  alumina  which 
Mercer  used  for  preparing  this  compound  was 
made  by  adding  to  a  solution  of  alum,  car- 
bonate of  soda  corresponding  to  one-half  the 
sulphuric  acid  in  combination  with  alumina. 
The  mixture  was  boiled  after  the  addition  of 
the  salt  of  manganese.  He  also  obtained  it 
by  adding  caustic  potash  to  the  mixture  of 
the  two  sulphates,  avoiding  excess  of  the 
precipitant. 

Mercer  hkewise  ascertained  that  alumina 
forms  a  chemical  combination  with  protoxide 
of  lead.  His  experiment  to  illustrate  this 
consists  in  spotting  a  piece  of  cotton  cloth 
with  acetate  of  alumina,  and  after  '  ageing  ' 
and  washing  in  hot  water  (whereby  alumina 
is  left  deposited  on  the  cloth),  steeping  for 
some  time  in  weak  solution  of  acetate  of  lead 
(half  an  ounce  to  a  pint  of  distilled  water). 
The  cloth  is  next  dipped  in  water  acidified 
with  acetic  acid  to  dissolve  any  lead  which 
may  have  been  deposited  on  the  part  not 
spotted;  and  lastly,  winced  in  a  solution  of 
bichromate  of  potash.     The  production  of 

L 
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chrome  yellow  on  the  spot  of  alumina  shows 
that  a  large  quantity  of  oxide  of  lead  has 
been  absorbed  by  the  alumina;  the  un- 
spotted portion  contains  none. 

He  concluded  that  all  oxides  above  the 
prototype  have  more  or  less  tendency  to 
combine  with  strong  bases.  A  compound  of 
that  class  may  be  obtained  with  peroxide  of 
iron  and  lime.  He  found  that  on  adding  a 
slight  excess  of  caustic  soda  to  a  mixture  of 
two  equivalents  of  perchloride  of  iron  with 
three  equivalents  of  chloride  of  calcium,  not 
very  dilute,  the  brown  precipitate,  on  stand- 
ing for  some  hours  with  occasional  agitation, 
'  becomes  as  white  as  milk.'  A  combination 
takes  place  corresponding  to  the  compound 
of  the  two  oxides  of  iron  (p.  67).  Again,  if 
a  piece  of  cloth  spotted  with  pure  peroxide 
of  iron  is  soaked  in  solution  of  acetate  of  lead, 
in  the  manner  just  described  for  alumina,  the 
peroxide  of  iron  combines  with  oxide  of  lead  ; 
as  is  manifest  by  the  action  of  the  bichromate. 

When  cloth  spotted  with  peroxide  of  man- 
ganese is  treated  in  like  manner  with  acetate 
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of  lead,  and  subsequently  with  bichromate, 
the  result  shows  that  a  combination  had  also 
taken  place  between  the  peroxide  of  man- 
ganese and  the  protoxide  of  lead.  By  further 
treatment  with  a  reducing  agent  the  brown 
manganese  may  be  separated,  and  the  chro- 
mate  of  lead  appears  of  a  bright  yellow.  A 
similar  experiment  with  peroxide  of  tin  gives 
a  corresponding  result. 

Mercer  also  showed  the  existence  of  a 
compound  of  sesquioxide  (or  peroxide)  of 
lead  with  lime  by  the  following  experiment : 
First,  prepare  hydrated  protoxide  of  lead 
from  a  solution  of  5|-  ounces  of  nitrate  of  lead 
by  adding  the  equivalent  of  fine  hydrate  of 
lime ;  and,  after  washing,  mix  the  oxide  in 
a  pulpy  state  (about  half  a  pint),  first  with 
6  ounces  of  bleaching  powder,  and  afterwards 
with  3  ounces  of  fine  hydrate  of  lime.  Stir 
occasionally  for  a  few  days.  The  mixture 
gradually  loses  its  colour  and  becomes  per- 
fectly white.  This  compound  is  decomposed 
by  acetic  acid,  with  separation  of  peroxide  of 
lead. 

L  2 
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Such  are  the  illustrations  which  Mercer 
gave  of  the  disposition  of  the  higher  or 
sesquioxides  to  unite  with  bases.  He  also 
noted  the  following  characteristics  of  such 
oxides,  as  distinguishing  them  from  pro- 
toxides ;  namely, — their  capability  of  forming 
soluble  compounds  with  much  less  acid  than 
corresponds  to  the  proportion  of  oxygen  in 
the  base  ; — also  their  disposition  to  assume  a 
'  meta '  state,  not  only  when  solid,  but  also  in 
solution  (two  solutions  of  the  same  oxide 
exhibiting  a  difference  in  properties  although 
their  percentage  composition  may  be  iden- 
tical) ; — and  the  disposition  of  the  sesqui  and 
higher  oxides,  generally,  to  assume  a  more 
gelatinous  state,  when  precipitated,  than 
protoxides. 
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CHAPTEE  YIII. 

ON  TURKEY  RED,  MADDER,  AND  GARANCIN. 

Like  many  other  calico-printers  who  were 
desirous  of  applying  their  chemical  know- 
ledge to  the  improvement  of  their  operations, 
Mercer  paid  considerable  attention  to  the 
Turkey-red  process,  with  the  view  of  sim- 
plifying and  shortening  it.  His  attention  was 
directed  chiefly  to  the  preparatory  oiling  pro- 
cess, essential  in  Turkey-red  dyeing,  whereby 
the  cloth  becomes  impregnated  with  an  oily 
material,  which  fulfils,  to  some  extent,  the 
purpose  of  a  mordant.  In  the  old  oiling  pro- 
cess universally  practised  up  to  the  time  of 
Mercer's  experiments,  the  cloth  was  impreg- 
nated with  oil,  in  the  state  of  an  alkaline 
emulsion,  from  five  to  eight  times,  with  long 
exposure  to  the  air  between  each  appHcation 


ISO  LIFE  OF  JOHN  MERCER. 


of  oil.  This  process,  therefore,  occupied  con- 
siderable time.  Assuniing  that  the  oil,  or 
one  of  its  constituents,  undergoes  oxidation 
during  this  long  exposure  to  the  air,  he 
endeavoured  to  effect  such  a  change  more 
rapidly  by  treating  it  with  oxidising  agents ; 
and  succeeded  in  devising  practical  methods 
for  carrying  this  out  on  the  large  scale,  by 
means  of  hypochlorite  of  Hme,  bichromate  of 
potash,  chlorate  of  potash,  and  nitrate  of 
potash,  in  conjunction  with  sulphuric  acid  ; 
also  by  means  of  hot  air  and  steam.  By  the 
use  of  the  oil  thus  prepared,  the  long  exposure 
of  the  oiled  cloth,  by  the  old  method,  was 
no  longer  necessary.  Details  of  the  methods 
which  he  prescribed  for  preparing  the  oil 
will  be  found  in  the  Appendix  (§  XYIII.),  in 
the  specification  of  his  patent  '  for  certain  im- 
provements in  dyeing  and  printing  Turkey 
red  and  other  colours.'  This  specification 
also  contains  an  account  of  an  oily  mixture 
(oxidised)  suitable  for  printing  on  cloth,  and 
a  method  of  oxidising  oil  already  applied  to 
cloth  in  the  ordinary  state,  by  exposing  the 
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cloth  in  a  cliamber  to  air  mixed  with  gases 
disengaged  from  a  mixture  of  hypochlorite 
of  lime  and  sal-ammoniac. 

As  the  result  of  a  long  series  of  experi- 
ments on  this  subject,  Mercer  arrived  at  and 
recorded  the  following  conclusions : 

'  1.  The  oil  must  either  be  oxidised  or 
chlorinated. 

'  2.  Good  padding  afterwards  in  solution 
of  pearlash  or  soda  ash  is  absolutely  neces- 
sary to  obtain  the  best  colours. 

'  3.  With  chlorinated  oil,  and  padding  in 
pearlash  liquor,  the  cloth  requires  no  ageing 
in  the  hanging-room. 

'  4.  Acid  oils  do  not  fix  well  unless  they 
are  strongly  heated,  and  even  then  the  colour 
is  not  the  best. 

'  5.  Neutral  oils  do  not  require  much 
heat ;  in  fact  they  are  injured  thereby. 

'6.  It  is  very  important  to  cleanse  the 
cloth  from  the  loose  oily  material  before  mor- 
danting ;  if  not  so  cleansed,  this  comes  off  on 
clearing  after  dyeing,  and  carries  with  it  both 
mordant  and  colouring  matter. 
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'  7.  The  oil  may  be  applied  to  the  cloth 
by  the  pin  roller,  or  by  two  pin  rollers  and 
the  printing-machine/ 

Although  madder,  since  the  introduction 
of  artificial  alizarin,  has  ceased  to  hold  the 
important  position  it  formerly  held  among 
tinctorial  matters,  yet  it  will  continue  to  be 
a  subject  of  great  interest,  and  the  various 
researches  which  have  been  made  on  its 
colouring  principles  by  several  chemists  will 
probably  be  helpful  to  future  investigators 
on  collateral  subjects.  Mercer  has  left  some 
remarks  on  madder,  garancin,  and  madder- 
dyeing  which  are  of  interest  as  the  result  of 
his  own  experience.  These  observations  were 
made  between  1846  and  1849  ;  previous,  there- 
fore, to  the  publication  of  Dr.  Schunk's  inter- 
esting researches  on  madder. 

Of  the  three  principal  colouring  matters 
contained  in  madder,  then  known  by  the 
names  of  xanthin,  rubiacin,  and  alizarin. 
Mercer  considered  the  two  latter  to  be 
derivates  of  the  first,  whether  produced  in 
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the  living  root  during  the  process  of  matura- 
tion, or  subsequently  in  the  dried  root  and  in 
aqueous  infusion  by  the  action  of  a  nitrogenous 
ferment.^  Alizarin  is  the  only  colouring 
principle  contained  in  madder  which  gives 
a  good  fast  colour,  and  is  therefore  the  only 
one  of  practical  importance.  Xanthin,^  the 
base  from  which  the  others  are  derived,  is 
yellow,  and  does  not  combine  with  mordants. 
Mercer  observed  that,  '  although  alizarin  is 
scarcely  soluble  in  cold  water,  and  not  much 
more  so  in  hot  water,  it  is  much  more  soluble 
when  mixed  with  xanthin  and  rubiacin.  The 
three  together  dissolve  freely  in  hot  or  cold 
water.  In  this  property  it  resembles  several 
other  vegetable  colouring  matters,  which, 
though  scarcely  soluble  in  water  in  their  fully 
developed  (or  oxidised)  state,  dissolve  freely 
in  the  solutions  of  the  bases  from  which  they 
are  derived.     For  example,  the  colouring 

^  He  noted  that  the  influence  of  a  ferment  in  producing  the 
development  of  alizarin  had  been  pointed  out  by  Mr.  James 
Higgin. 

^  Or,  as  it  is  now  termed, '  rubian ; '  a  glucoside,  which  +  H.^O, 
yields  alizarin  +  glucose. 
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matters  of  logwood,  peachwood,  Brazilwood 
and  sapanwood,  when  properly  developed  or 
oxidised,  are  scarcely  at  all  soluble  in  water, 
but  the  (unoxidised)  principles  from  which 
these  are  derived  are  freely  soluble.  By 
pouring  hot  water  on  these  fresh  woods, 
newly  rasped,  strong  infusions,  almost  colour- 
less, may  be  obtained,  which  readily  dissolve 
the  colouring  matters  in  their  fully  developed 
or  oxidised  state.  A  similar  property  is  ex- 
hibited by  catechu,  galls,  quercitron  bark, 
&c.  The  colouring  principles  of  catechu 
(oxidised  and  unoxidised)  dissolve  easily  to- 
gether in  hot  water ;  but  if  ground  catechu 
is  digested  first  in  cold  water,  one  portion 
entirely  dissolves ;  if  the  undissolved  portion 
is  well  washed  in  cold  and  afterwards  digested 
in  boiling  water,  the  colouring  principle  which 
remains  dissolves  very  imperfectly,  and  the 
small  quantity  which  does  dissolve  is  deposited 
as  the  liquid  cools.  Closely  connected  with 
this  is  the  property  which  some  colouring 
matters  possess  of  dissolving  others  which 
are  barely  soluble  by  themselves.    For  ex- 
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ample,  by  boiling  common  barwood  in  water, 
it  is  scarcely  possible  to  obtain  a  liquor 
stronger  than  ^°  Tw.,  but  a  strong  decoction 
of  barwood  may  be  obtained  by  the  addition 
of  some  Persian-berry  liquor.'  ^ 

'  The  chief  cause,'  Mercer  also  remarked, 
'  of  difficulty  in  working  with  madder  arises 
not  so  much  from  peculiarities  in  the  colour- 
ing matters  themselves  as  from  the  influence 
exerted  on  them  by  other  matters  contained 
in  the  madder ;  especially  earthy  substances 
(lime,  magnesia,  &c.),  and  pectose  or  other 
similar  substance  from  which  gelatinous  pectic 
acid  is  derived. 

'  If  a  pound  of  madder  is  mixed  with  a 
quart  of  water  at  about  100°  Fahr.,  in  a  few 
hours  the  mass  becomes  quite  gelatinous  from 
the  presence  of  pectic  acid ;  some  of  the 
colouring  matter  is  at  first  dissolved,  but  this 
becomes  absorbed  by  the  pectic  acid  forming 
a  compound  which  is  insoluble  in  water.  If 
the  mass  is  pressed  and  washed  several  times, 
to  afford,  say,  a  gallon  of  liquor,  half  of  the 

*  From  a  letter  to  Dr.  Playfair. 
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weight  of  the  madder  is  dissolved :  the  liquor 
has  the  properties  of  a  solution  of  dextrin ;  it 
deoxidises  indigo  in  the  presence  of  alkalies, 
and  it  dissolves  alumina  and  oxides  of  iron, 
copper,  tin,  &c.,  but  this  liquor  contains  no 
colouring  matter.  The  washed  gelatinous 
madder,  mixed  with  pure  water,  has  scarcely 
any  dyeing  property,  the  colouring  matter 
being  held  in  an  insoluble  form  by  pectic 
acid,  but  its  dyeing  power  may  be  much 
increased  by  the  addition  of  sumac  (or  other 
astringent  vegetable),  which  combines  with  the 
pectic  acid  and  liberates,  to  some  extent,  the 
colouring  matter.  The  addition  of  chalk  pro- 
duces a  similar  effect.  In  the  dyeing  process, 
at  a  moderate  heat,  the  xanthin  is  changed 
to  alizarin  under  the  influence  of  the  nitro- 
genous ferment ;  ^  but  there  is  also  developed 
pectic  acid,  which  absorbs  a  large  portion  of  the 
alizarin  ;  the  earthy  constituents  of  the  madder 
exercise  the  same  injurious  influence,  hence  it 
happens  that  what  is  called  "  spent  madder  " 
retains  from  thirty  to  forty  per  cent,  of  the 

'  Now  known  as  erythrozym. 
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original  colouring  matter  of  the  root  in  a  state 
insoluble  in  water. 

'  By  soaking  spent  madder  in  cold  dilute 
sulphuric  or  hydrochloric  acid  the  earthy 
compounds  are  decomposed,  and  the  earths 
may  be  removed  by  washing.  The  material 
thus  obtained  yields  a  little  colour  to  mor- 
danted cloth,  but  the  colour  is  neither  good 
nor  fast.  Pectic  acid,  which  is  insoluble  in 
the  cold  acid,  still  remains  to  exert  its  injurious 
influence.  If,  however,  the  mixture  of  spent 
madder  and  dilute  acid  be  heated  for  a  httle 
while  to  about  212°  Fahr.,  the  pectic  acid  is 
also  removed,  being  first  converted,  under  the 
influence  of  the  acid,  into  a  more  soluble 
modification.  The  material  thus  obtained, 
that  is,  garancin,  now  dyes  very  well.' 

His  observations  on  the  difference  between 
the  action  of  hot  acid  and  that  of  cold  acid 
in  the  preparation  of  garancin  from  spent 
madder  had  a  special  connection  with  an  im- 
portant legal  case  tried  in  1849 — namely, 
that  of  Steiner  v,  Wilson.  Mr.  Steiner  had 
patented  a  method  of  making  a  variety  of 
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garancin  by  the  action  of  acids  on  spent 
madder,  without  specifying  the  appHcation 
of  heat ;  and  had  also  obtained  a  patent  for 
an  improvement  on  this,  in  which  the  use  of 
hot  acid  was  the  essential  feature.    The  main- 
tenance of  the  validity  of  the  second  patent 
was  the  object  of  the  legal  proceedings  re- 
ferred to.     Mercer  gave  evidence,  on  Mr. 
Steiner's  behalf,  to  the  effect  that  the  first 
patent,  for  the  reasons  above  mentioned,  was 
a  complete  failure  ;  the  '  chemical  madder '  (as 
it  was  termed)  made  thereby  having  scarcely 
any  value  as  a  dye-stuff;  but  that  the  essen- 
tial improvement  claimed  in  the  second  patent 
— that  is,  the  appHcation  of  heat — rendered 
that  eminently  successful.    Mercer's  view  was 
that  at  a  boiling  heat  the  acid  (which  may  be 
either  dilute  hydrochloric  or  sulphuric)  de- 
composes the  insoluble  compounds  of  colour- 
ing matters  and  pectic  acid  contained  in  the 
spent  madder,  and  converts  the  pectic  acid 
into   a    more    soluble    modification,  easily 
washed  away  by   cold   water ;    while  the 
colouring  matter,  being  insoluble  in  hot  acid 
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and  in  cold  water,  is  retained  in  the  grains, 
mechanically  mixed  with  the  woody  fibre. 

Mercer  also  made  the  observation  that  the 
hot  acid  exerts  a  beneficial  influence  on  the 
colouring  matters,  either  by  developing  more 
alizarin,  or  in  some  other  way  giving  a  per- 
manent brightness  which  is  not  injured  by 
soaping  or  weak  alkaline  liquors.  Cloth 
dyed  pink  with  garancin  made  with  hot  acid 
is  not  rendered  so  blue  by  ammonia  as  cloth 
of  the  same  colour  dyed  with  common 
madder. 

We  may  appropriately  conclude  this 
chapter  with  a  few  observations  made  by 
Mercer  on  the  two  mordants  used  in  madder 
dyeing  and  printing — namely,  red  liquor  and 
iron  liquor.  He  observed  that,  to  obtain  good . 
colours,  it  is  essential  that  the  mordants  are 
applied  in  such  a  state  of  solution  as  to  pene- 
trate easily  to  the  interior  of  the  cotton 
fibre,  instead  of  being  deposited  in  an  in- 
soluble form  on  the  exterior.  Further,  tlie 
solution  should  be  of  a  character  to  deposit 
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the  mordant  in  a  highly  attenuated  form, 
rather  than  granular  or  aggregated.  Solu- 
tions of  alumina,  peroxide  of  iron  and  per- 
oxide of  tin,  in  what  is  called  the '  meta '  state, 
give  more  granular  or  aggregated  precipitates 
than  ordinary  solutions.  For  these  reasons, 
in  making  red  liquor  for  madder  work  with 
alum  and  acetate  of  lead,  it  is  better  not  to 
precipitate  more  than  two  of  the  three  equi- 
valents of  sulphuric  acid  combined  with  alu- 
mina. For  pale  reds,  it  is  desirable  to  pre- 
cipitate only  one-half  of  the  sulphuric  acid 
equivalent). 

On  the  subject  of  iron  mordant  he  made 
the  following  observations  :  Crude  acetic  acid 
(pyroligneous  acid)  is  of  great  value  to  the 
calico-printer  as  a  solvent  for  iron.  The 
iron  must  be  applied  to  the  cloth  in  the  state 
of  protoxide,  and  its  partial  oxidation  within 
the  fibre  must  proceed  gradually.  It  is  well 
known  that  pure  acetic  acid  cannot  be  em- 
ployed for  this  purpose ;  pure  protoacetate 
of  iron  oxidises  too  rapidly ;  and,  moreover, 
it  deposits  the  oxide  of  iron  in  a  form  too 


TURKEY  RED,  MADDER,  AND  GARANCIN.  i6i 

acrcrrejzated  to  absorb  the  colouring  matter 

Coo  o 

efficiently.  By  saturation  with  metaUic  iron 
pyroligneoiis  acid  yields  a  solution  of  proto- 
acetate  of  iron,  which,  after  separation  of  the 
principal  tarry  matters,  contains  several  other 
impurities  possessing  a  deoxidising  power. 
These  comprise  a  dark  brown  colouring 
matter,  a  substance  similar  to  pyrogallic  acid, 
wood- spirit,  and  kreasote  (carbolic  acid). 
The  strong  deoxidising  power  of  pyrolig- 
neous  acid  (after  separation  of  the  tar)  may 
be  seen  by  heating  it  with  indigo  and  excess  of 
lime  or  an  alkali.  These  impurities  act  bene- 
ficially in  two  ways — first,  by  retarding  the 
oxidation  of  the  iron  until  it  has  had  time  to 
diffuse  throughout  the  interior  of  the  fibre  ; 
and  secondly,  by  determining  the  formation 
of  the  deposit  of  oxide  of  iron  in  a  highly 
attenuated  form  instead  of  tlie  granular  de- 
posit which  the  pure  acetate  yields.  In  the 
production  of  pale  lilacs  the  latter  point  is 
of  so  much  importance  that  it  is  beneficial  to 
use  a  large  excess  of  pyroligneous  acid  ;  also 
to  add  arsenite  of  soda  to  the  iron  liquor 
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(with  acid  in  sufficient  quantity  to  maintain 
the  sokition)  ;  this  prevents  the  formation  of 
the  meta  or  aggregated  form  of  the  oxide  ; 
the  arsenite  of  iron,  which  is  formed  on  the 
cloth  after  printing  and  ageing,  is  in  a  highly 
disseminated  state.  Some  of  the  best  printers 
pad  their  cloth  intended  for  fine  lilac  with 
dilute  solution  of  arsenite  of  soda  ;  particularly 
if  the  subsequent  clearing  off  is  to  be  done 
with  cow-dung :  but  such  padding  is  un- 
necessary if  arsenite  of  soda  is  added  to  the 
iron  liquor,  with  plenty  of  pyroligneous  acid, 
and  the  subsequent  clearing  done  with  substi- 
tute, for  which  either  arseniate  or  phosphate 
of  soda  will  answer. 

The  following  is  a  receipt  of  Mercer's  for 
the  preparation  of  iron  liquor  for  such  pur- 
poses : — To  two  pints  of  ordinary  iron  liquor 
of  24""  Tw.  add  two  pints  of  pyroligneous 
acid ;  and  afterwards  a  solution  of  arsenite 
of  soda  made  by  boiling  in  one  pint  of  water 
two  ounces  of  arsenious  acid  and  two  and  a 
quarter  ounces  of  soda  crystals.  Add  water 
sufficient  to  make  the  whole  to  one  gallon. 
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CHAPTER  IX. 

EVENTS  IN  HIS  PEESONAL  HISTORY. 

A  FEW  interesting  events  in  Mercer's  per- 
sonal history  now  draw  us  away,  for  a  little 
while,  from  the  factory  and  laboratory,  to  the 
social  and  outer  circle.  We  have  already 
noticed  his  attachment  in  early  life  to  the 
Wesleyans,  and  some  of  his  efforts  of  useful 
religious  instrumentality  in  connection  with 
that  body.  Much  might  be  added  to  the 
same  effect.  On  coming  to  reside  at  Oaken- 
shaw  he  and  his  wife  became  the  principal 
helpers  of  '  the  society '  in  that  place.  To 
contribute  to  the  necessities  of  the  members, 
who  were  generally  poor,  was  the  greatest 
happiness  of  John  Mercer  and  his  wife. 
Through  his  exertions  a  Wesleyan  chapel 
was  built  at  Oakenshaw  in  the  year  1829, 
which   was   the   only   Protestant   place  of 
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worship  in  that  neighbourhood  for  several 
years.  In  1837  Messrs.  Fort  expressed  to 
Mercer  their  high  appreciation  of  his  efforts 
in  providing  Christian  instruction  for  the  dis- 
trict; they  presented  him  with  means  for 
discharging  all  the  remaining  debt  on  the 
chapel,  and  made  a  free  grant  of  the  ground 
on  which  the  chapel  was  built,  together  with 
a  surrounding  burial-ground.  They  also  ren- 
dered him  assistance  in  forming  a  lending 
library  ;  and  a  few  years  afterwards  built  a 
house  for  a  public  reading-room,  in  which 
Mercer  used  occasionally  to  deliver  lectures 
in  the  winter  evenings. 

With  the  increase  of  population,  a  large 
proportion  of  whom  were  employed  at  the 
Oakenshaw  Print  Works,  Mercer  deeply  felt 
the  responsibility  of  himself  and  partners  for 
the  provision  of  further  facilities  for  public 
worship.  With  a  catholic  spirit,  he  earnestly 
pressed  on  his  partners  the  desirability  of 
building  a  church  at  Clayton-le-Moors  in 
connection  with  the  Established  Church  of 
England.    Having  written  on  the  subject  to 
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the  senior  partner,  who  was  then  engaged  in 
his  parhamentary  duties,  he  had  the  gratifica- 
tion of  receiving  a  hearty  assent  to  his  proposal, 
with  the  request  that  he  would  at  once  select 
a  proper  site  on  the  Oakenshaw  estate  for  the 
erection  of  a  church.  This  was  accordingly 
done,  and  the  present  church  of  All  Saints, 
Clayton-le-Moors,  was  consecrated  in  1840, 
Messrs.  Fort  and  Miss  Fort  having  together 
contributed  the  land,  2,500Z.  towards  the 
erection  (about  three-fourths  of  the  entire 
amount),  and  also  a  permanent  endowment. 

After  his  long  and  devoted  attachment  to 
the  Wesleyans,  it  may  well  be  imagined  that 
it  was  not  without  great  sorrow,  and  a  high 
sense  of  duty,  that  he  withdrew  from  that 
body,  as  a  member,  in  1849,  when  a  large 
secession  took  place  on  the  ground  of  disap- 
proval of  some  points  of  church  government 
adopted  by  the  Conference.  He  continued, 
however,  to  attend  the  services  of  the  Wes- 
leyans as  well  as  those  of  the  Established 
Church,  and  was  always  ready  to  give  the 
former  a  helping  hand  in  their  time  of  need. 
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Between  liim  and  the  members  in  that  locahty 
there  was,  therefore,  no  estrangement.  In 
1853  Mrs.  Mercer  laid  the  foundation-stone  of 
a  new  Wesley  an  school  at  Clayton-le-Moors, 
on  which  occasion  she  was  presented  with  a 
silver  trowel;  and  in  1861,  when  a  much 
larger  chapel  had  to  be  erected  there,  Mr. 
Mercer  became  the  principal  contributor  to 
the  building  fund;  he  laid  the  foundation- 
stone,  and  received  the  usual  token  of  esteem, 
the  silver  trowel. 

As  the  result  of  Mercer's  ingenious  devices 
and  applications,  the  Oakenshaw  Print  Works 
had  a  long  season  of  commercial  prosperity. 
His  aim  had  always  been  the  production  of 
lirst-class  goods ;  and  the  reputation  which 
the  firm  acquired  for  goods  of  that  class  was 
well  deserved.  But  the  active  competition 
which  sprang  up  in  this,  as  in  other  indus- 
tries, gradually  led  to  the  large  production 
of  inferior  goods  at  a  cheaper  rate — a  kind  of 
work  which  was  not  altogether  in  harmony 
with  Mercer's  tastes.    And  as  the  principal 
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partners  of  the  Oakenshaw  firm  were  indis- 
posed to  incur  the  risks  which,  in  large 
transactions,  generally  accompany  close  com- 
petition, the  question  was  raised  of  retire- 
ment and  dissolution  of  partnership.  This 
course  was  mutually  agreed  upon,  and  the  dis- 
solution took  place  in  1848.  Fears  were  at 
first  entertained  by  the  proprietors  that  the 
balancing  of  the  books  would  show  an  un- 
favourable result.  When,  however,  the  full 
value  of  the  stock  came  to  be  realised,  all 
such  fears  were  found  to  have  been  ground- 
less :  the  profits  of  the  previous  year's  work- 
ing had  been  very  good. 

Mercer  was  enabled  to  acquire  a  compe- 
tence ;  but  to  amass  wealth  was  not  his  object. 
We  have  heard  the  remark  made  that,  if  he 
had  chosen  to  apply  his  inventive  genius  to 
the  making  of  money,  he  might  have  become 
a  Avealthy  man.  But  he  had  no  sympathy 
with  those  who  made  money  their  idol,  nor 
with  those  who  were  '  making  haste  to  be 
rich  '  by  uncalled-for  speculation.  We  find  an 
expression  of  his  thoughts  on  these  matters 
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in  a  letter  written  in  1837  to  a  young  friend, 
who  appears  to  have  entertained  expectations 
of  great  commercial  success,  but  of  a  very 
speculative  character.    He  remarked  : 

'  When  I  read  your  letter,  I  wondered 
how  light  and  "  bouncy "  your  mind  was, 
amidst  such  uncertainty  in  matters  of  so 
much  importance.  Mine  would  be  like  lead 
or  clay,  and  when  down  might  be  too  apt 
to  remain  there.  But  yours  is  like  some- 
thing with  great  elasticity  ;  no  sooner  down 
than  up  again,  as  if  it  contained  a  large 
proportion  of  the  imponderable  element,  call 
it  what  you  like.  But  I  find  something  in 
your  letter  of  real  weight  ;  that  is,  the 
prospect  of  your  ultimate  success.  .  .  .  Now 
let  me  advise  you,  when  you  get  your 
money  into  your  pocket,  be  careful  of  it. 
Use  it  prudently.  I  fear  you  don't  follow  as 
closely  as  desirable  the  example  of  the  careful 
industrious  farmer,  who  takes  a  long  time  in 
unbuttoning  his  purse  and  taking  out  his 
coin,  and  is  as  careful  in  tying  up  his  purse 
again  and  replacing  it  safely  in  his  pocket. 
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.  .  .  You  ask  me  the  question,  whether  I 
am  happier  now  ^  than  I  was  formerly  ?  I 
answer  unliesitatingly — No.  Further,  had 
I  the  ambition  which  you  say  you  have, 
I  should  be  truly  miserable.  The  slow  but 
steady  improvement  in  our  temporal  affairs, 
as  the  result  of  our  labour  and  the  proper 
discharge  of  duty,  is  the  state  to  be  desired. 
How  different  from  that  of  the  avaricious, 
money-seeking  soul,  unsatisfied  even  if  he 
attain  the  object  of  his  first  desires  ;  and  if  he 
fail — how  wretched,  with  his  disappointed 
expectations.  ..."  Love  of  gain  usurps  his 
breast  and  harasses  his  brain." 

'  Yours  truly, 

'JoHN^  Mercer.' 

The  opportunity  for  relaxation  did  not 
come  before  it  was  needed.  Scarcely  was 
Mercer  relieved  from  the  cares  and  anxieties 
of  the  management  of  print  works,  before  he 
was  attacked  by  a  severe  illness,  of  neuralgic 
character,  induced,  it  was  believed,  by  his 

^  In  his  present  improved  pecuniary  circumstances. 
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close  mental  application  ;  so  serious,  at  one 
time,  that  it  was  considered  likely  to  prove 
fatal. 

For  many  years  previously  he  had  been 
subject  to  periodical  attacks,  three  or  four 
times  monthly,  in  the  morning,  of  a  somewhat 
similar  nature,  producing  severe  headache 
with  nausea.  These  attacks  were  caused  by 
a  straining  of  his  mental  organs,  with  too  little 
rest.  Perfect  quietude  until  the  evening,  and 
frequent  draughts  of  warm  water,  were  his 
means  of  obtaining  relief.  In  the  evening 
he  was  able  to  resume  his  work,  and  the  day 
following  he  designated  his  '  best  day  in  the 
week  for  work.'  These  attacks  were  an  in- 
ducement to  Mercer  to  examine  carefully  the 
claims  of  homoeopathy,  on  which  subject  his 
conclusions  and  anticipations,  considering  that 
they  were  written  thirty-five  years  ago,  may 
be  regarded  by  medical  men  of  the  present 
day  as  specimens  of  his  good  judgment  and 
correct  reasoning.  While  regarding  as  ridi- 
culous the  first  principles  of  homoeopathy  as 
enunciated  by  its  founder  (that  is,  of  '  like 
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curing  like,'  and  the  efficacy  of  infinitesimal 
doses),  he  admitted  much  of  the  success 
claimed  by  the  advocates  of  the  system  ;  and 
therein  recognised — first,  the  importance  of 
good  nursing  and  a  good  dietary ;  and  secondly, 
the  importance,  in  many  diseases,  of  '  faith 
in  the  remedy'  as  one  of  the  ingredients  ;  just 
as  a  cheerful  state  of  mind  exerts  an  influence 
in  assisting  digestion  of  food.  Eeferring  to  an 
English  advocate  of  homoeopathy,  he  says  : 
'  Dr.  Sharp  has  purged  the  system  from  most 
of  the  reveries  of  Hahnemann,  but  he  still 
retains  too  much  of  the  infinitesimal  doses  ; 
if  other  able  men  were  to  remove  remaining 
absurdities,  they  might  leave  a  practice  of 
medicine  which  would  quietly  and  silently 
exert  wholesome  influence  on  the  general 
practice.  .  .  .  After  much  careful  reading 
and  thinking  on  this  subject  I  must  come 
to  the  conclusion  that,  generally  speaking, 
more  careful  nursing  and  dietary,  and  less 
physic,  would  improve  the  practice  of  the 
allopathist.'  In  the  severe  illness  which  he 
experienced  in  1849  he  had  recourse  to  the 
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best  medical  advice  procurable,  including  that 
of  Dr.  Charles  Bell  (nephew  to  Sir  Charles 
Bell),  who  spent  several  nights  in  his  house, 
and  through  whose  judicious  treatment,  under 
the  Divine  blessing,  Mercer  was  soon  restored 
to  a  state  of  health  better  than  he  had  for  a 
long  while  previously  experienced.  It  may 
here  be  observed  that  he  highly  valued  the  pro- 
fessional advice  and  also  the  personal  friend- 
ship of  Dr.  Joseph  Jordan,  the  distinguished 
surgeon,  of  Manchester. 

As  soon  as  the  state  of  his  health  permitted. 
Mercer  directed  his  attention  to  a  subject 
which  he  had  kept  in  abeyance  for  some 
years,  waiting  for  the  convenient  opportunity 
— namely,  the  action  of  caustic  alkalies,  &c. 
on  cotton.  His  experiments,  and  their  results, 
will  form  the  subject  of  the  following  chapter. 

In  1851  he  accepted  the  invitation  of  the 
Commissioners  of  the  Great  International 
Exhibition  to  become  one  of  the  Jurors  of 
the  Exhibition.  Sir  Lyon  Playfair,  who  was 
the  Special  Commissioner  over  all  the  Juries, 
refers,  in  a  recent  letter,  to  '  the  excellent 
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service  which  Mercer  rendered  in  that 
capacity,  bringing  into  the  work  his  prac- 
tical knowledge  with  his  usual  earnestness.' 

The  little  insight  we  have  had  of  Mercer's 
'  inner  man  '  has  been  enough  to  convince  us 
that  he  was  not  one  who  cared  for  personal 
distinction  on  any  selfish  ground.  He  lived 
for  others  rather  than  for  himself ;  and  to  him 
position  and  influence  were  of  no  account,  ex- 
cept in  bringing  him  increased  opportunities 
for  usefulness,  and  in  affording  gratification  to 
his  friends.  We  can  therefore  sym])athise 
with  the  doubts  felt  by  a  company  of  savants 
who  dined  together  one  evening  at  the  house 
of  Professor  Graham,  when  the  question  was 
raised— Would  John  Mercer  like  to  become 
a  Fellow  of  the  Eoyal  Society  ?  Such  a  dis- 
tinction in  the  case  of  a  self-educated  man, 
with  no  such  facilities  for  acquiring  learning 
as  abound  in  the  present  day,  would  be  a  great 
honour.  All  present  testified  that  it  would  be 
well  deserved.  But  would  he  care  to  receive 
it  ?  Would  it  be  congenial  to  his  retiring 
disposition  ?    Dr.  Lyon  Playfair  was  deputed 
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to  write  to  Mercer  to  ascertain  liis  feelings  on 
the  subject ;  which  he  accordingly  did,  and 
promised  him  such  support  of  a  large  number 
of  influential  Fellows  as  would  ensure  his  elec- 
tion, when  proposed.  Mercer,  as  might  have 
been  expected,  hesitated.  Dr.  Playfair  then 
placed  the  question  before  him  rather  in  the 
aspect  of  duty  ;  and  the  gratification  his  assent 
would  afford  to  his  friends  and  admirers.  '  I 
think  you  ought,' he  wrote  to  Mercer, '  to  accept 
the  offer  of  your  friends  moving  in  this  matter 
for  you.  It  is  a  great  tribute  to  a  man  who  has 
acquired  a  knowledge  of  science  without  the 
aid  of  academies,  and  under  every  disadvan- 
tageous circumstance.'  After  some  pressure. 
Mercer  gave  his  assent,  and  he  was  accordingly 
elected  an  F.E.S.  in  1852.  He  was  one  of 
the  original  Fellows  of  the  Chemical  Society, 
founded  in  1842 ;  in  April,  1849,  he  was 
chosen  an  honorary  member  of  the  Literary 
and  Philosophical  Society  of  Manchester  ;  and 
in  January,  1860,  he  was  elected  an  honorary 
member  of  the  Glasgow  Philosophical  Society. 
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CHAPTER  X, 

ACTION  OF  CAUSTIC  ALKALIES  ON  COTTON  ; 
PEOCESS  OF  '  MEECERISING.' 

In  accomplishing  the  various  technical  im- 
provements which  we  have  noticed  as  the 
outcome  of  his  genius  and  perseverance, 
Mercer  was  generally  led  from  one  step  to 
another,  by  experiments  suggested  by  induc- 
tive reasoning,  until  he  attained  the  object 
which  he  first  had  in  view.  It  not  unfre- 
quently  happens,  however,  in  chemical  re- 
searches, both  practical  and  theoretical,  that, 
in  the  course  of  an  investigation,  a  by-path 
is  presented  which  diverts  the  inquirer  from 
his  original  object  to  another  unexpected,  but 
more  promising,  field.  In  this  category  may 
be  placed  the  interesting  discovery  which 
Mercer  made  of  the  change  which  certain 
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chemical  agents  effect  on  cotton  and  other 
fibres — a  discovery  as  interesting  in  a  scientific 
as  in  a  technical  point  of  view. 

On  being  asked,  on  one  occasion,  to  give 
an  account  of  the  various  steps  by  which  he 
was  led  to  this  discovery.  Mercer  said  that 
he  must  go  back  to  a  period  of  several  years 
previous  to  the  time  of  its  publication,  when 
his  thoughts  were  much  occupied  with 
questions  about  the  constitution  of  solutions 
of  substances  which  are  capable  of  forming 
chemical  combinations  with  water  ;  the  exist- 
ence of  definite  hydrates  in  solution ;  and  the 
differences  exhibited  by  solutions  of  different 
strengths  in  viscosity  and  mobility.  He  fre- 
quently mentioned  his  views  on  this  subject 
to  his  friends  at  the  Whalley  meetings  (in 
1843  and  1844),  and  suggested  the  experi- 
ment of  transmittint?  such  solutions  through 
a  capillary  tube  in  the  expectation  of  finding 
a  variation  in  mobility  harmonising  with 
different  degrees  of  chemical  hydration ;  an 
idea  which  was  experimentally  proved  to 
be  correct  by  Graham  about  eighteen  years 
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afterwards.^  '  I  was  much  struck,'  he  wrote, 
'  with  the  results  of  Graham's  experiments  on 
the  heat  disengaged  in  chemical  combinations' 
('Memoirs  of  the  Chem.  Soc'  1841  and  1843), 
'  particularly  those  on  the  hydration  of  sul- 
phuric acid,  which  confirmed  me  in  some  of 
my  views  and  gave  me  some  new  ideas  .  .  . 
and  as  a  good  knowledc^e  of  the  nature  of  solu- 
tions  is  so  important  to  a  calico-printer,'  he 
made  numerous  experiments  with  the  view 
of  ascertaining  the  variations  presented  by 
solutions  of  the  same  substance  of  different 
strengths.  The  question  of  the  practicability 
of  effecting  a  partial  separation  of  different 
hydrates  by  slow  fractional  filtration  then 
occurred  to  him,  and  led  him,  among  other 
experiments,  to  try  the  effect  of  filtering 
solution  of  caustic  soda  through  cotton.  '  For 
this  purpose,'  he  wrote,  '  I  made  a  fdter, 
composed  of  six  folds  of  strong,  fine  cotton 
cambric,  bleached,  passed  three  times  through 

^  In  a  paper  read  before  the  Eoyal  Society  in  June,  1861, 
'On  the  Capillary  Transpiration  of  Liquids  in  Relation  to  their 
Chemical  Composition  ; '  piihlislied  in  the  Phil.  Trans.  1861. 
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the  calender  to  make  it  compact,  and  poured 
upon  it  solution  of  caustic  soda  of  60°  Tw. 
The  filtration  was  very  slow ;  the  liquor  which 
passed  through  was  of  53°  Tw.  (as  well  as  I 
remember).  But  I  found  my  filtering-cloth 
had  undergone  an  extraordinary  change ;  it 
had  become  semi-transparent,  contracted  both 
in  length  and  breadth,  and  thickened  or 
"  fulled,"  as  I  then  termed  it.  I  then  spotted 
bleached  cambric  Avith  single  drops  of  caustic 
soda  of  60°  Tw.  and  50°  Tw.,  and  noticed  that 
the  central  portion  of  each  drop  (about  the 
size  of  a  shilling)  became  semi-transparent 
and  contracted ;  around  this  was  a  rim  of  a 
quarter  of  an  inch,  neither  semi-transparent 
nor  contracted,  which  evidently  contained  but 
little  soda.  I  then  spotted  cloth  with  drops 
of  soda  solution  which  had  been  previously 
coloured  with  various  colouring  matters,  and 
found  that  in  all  cases  the  colourincx  matter 
was  transmitted  to  the  outer  portion,  very 
little  remaining  in  the  central  or  contracted 
part.  On  mixing  stannate  of  soda  with  the 
soda  liquor,  I  found  that  that  substance  is 
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also  conveyed  to  the  outer  portion.  The 
stannate,  hke  the  colouring  matter,  is  retained 
in  solution  by  the  watery  portion  of  the 
alkaline  drop.  The  size  of  the  outer  rim  is 
too  large  to  be  materially  affected  by  the 
hygroscopic  moisture  of  the  cotton.  When 
the  spotted  cloth  was  exposed  to  the  air  to  be- 
come carbonated,  the  central  portion  became 
crystallised,  but  the  outer  portion  showed  no 
apparent  change.' 

Mercer  then  subjected  a  few  '  fents  '  to  the 
action  of  caustic  soda,  and  showed  his  '  fulled 
cotton  '  to  his  partners  and  some  friends  as  a 
curiosity  ;  but  the  close  attention  which  his 
duties  at  the  Oakenshaw  Works  then  required 
rendered  it  inexpedient  for  him  to  pursue 
the  subject  farther  at  that  time  (1844)  ;  it 
was  therefore  put  aside  as  one  of  the  sub- 
jects awaiting  further  experiments  on  the 
first  opportunity. 

After  the  dissolution  of  partnership. 
Mercer,  having  time  at  his  disposal,  brought 
forth  his  '  fulled  cotton  '  from  its  resting-place, 
and  on  examination  soon  found  that  it  merited 
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full  investigation.  The  first  two  questions 
wliich  claimed  attention  were  these — What  is 
the  nature  of  the  change  in  the  sodaised 
cotton ;  is  it  chemical,  or  only  mechanical,  or 
both  ?  And  secondly — Has  the  cotton  under- 
gone any  change  in  its  receptive  power  for 
materials  used  in  dyeing  and  calico-printing  ? 

After  long  washing  the  sodaised  cloth  was 
found  to  contain  no  alkali.  If,  therefore,  a 
chemical  combination  had  taken  place  between 
the  cotton  fibre  and  the  alkali  it  must  have 
been  weak  ;  being  capable  of  decomposition  by 
water.  But  a  much  longer  washing  appeared 
to  be  necessary  to  remove  the  soda  than  if  it 
had  been  held  merely  mechanically.  Mercer 
concluded  that  a  definite  combination  is 
formed,  but  that  the  compound  undergoes 
decomposition  by  contact  with  water  ;  and 
also  by  the  carbonic  acid  of  the  air.  To  this 
subject  we  shall  return. 

On  exposing  the  sodaised  cloth,  freed  from 
alkali  (first  with  water,  then  with  weak  sul- 
phuric acid,  and  lastly  with  warm  water),  to 
solutions  of  various  mordants  and  colouring 
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matters,  Mercer  observed  that  the  receptive 
powers  of  the  cotton  fibre  had  become  greatly 
increased  by  treatment  with  soda.  When 
tried  with  all  the  various  kinds  of  materials 
capable  of  being  absorbed  by  ordinary  cotton 
the  same  result  was  obtained,  whether  the 
material  were  acid,  neutral,  or  alkaline.  The 
increased  receptive  power  was  therefore  due 
to  a  mechanical  change  effected  in  the  fibre  as 
the  result  of  the  chemical  action  of  the  alkali. 
Further,  the  alkali,  instead  of,  as  might  have 
been  expected,  weakening  the  cloth  by  causing 
a  disintegration  of  the  fibres,  had  certainly 
done  it  no  injury,  and  even  appeared  to  have 
increased  its  tenacity.  Possessing  these  two 
important  characters,  the  fulled  cotton,  or,  as 
it  afterwards  became  designated,  '  mercerised 
cotton,'  naturally  presented  an  aspect  of  prac- 
tical importance,  and  application  was  soon 
made  for  a  patent  for  its  preparation. 

In  order  to  pursue  his  experiments  with 
command  of  necessary  machinery  and  other 
appliances,  Mercer  made  an  arrangement  with 
Mr.  Eobert  Hargreaves,  of  the  Broad  Oak 
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Print  Works,  Accrington,  who  afforded  him 
facihties  for  carrying  on  his  experiments,  and 
received  in  return  a  share  of  the  patent.  Tor 
a  season — that  is,  until  the  rendering  of  the 
specification — these  experiments  could  not  be 
carried  out  with  the  freedom  and  ease  which 
would  have  been  in  conformity  with  Mercer's 
tastes  and  habits,  from  the  circumstance  that 
at  the  time  of  his  application  for  a  patent 
there  were  no  less  than  ten  other  applications 
not  yet  specified,  whose  titles  might  have 
included  Mercer's  invention  ;  '  an  illustration,' 
he  remarked,  '  of  the  defective  state  of  our 
present  patent  law.' 

The  following  may  be  noticed  as  the 
principal  results  of  his  investigation : 

He  ascertained  that  a  similar  modification 
of  the  cotton  fibre  may  be  produced  by  other 
agents  than  the  caustic  alkalies  ;  namely,  sul- 
phuric acid  (within  certain  limits  of  strength) 
and  chloride  of  zinc ;  but  having  reason  to 
believe  that  caustic  soda  would  prove  most 
suitable  for  practical  application,  he  gave,  for 
the  present,  his  attention  principally  to  the 
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latter.  Solution  of  carbonate  of  soda,  how- 
ever strong,  liot  or  cold,  produced  scarcely 
any  effect  on  cotton  fibre. 

For  cloth  consisting  of  cotton  only, 
Mercer  concluded  that  from  45°  to  55°  Tw.  is 
the  best  strength  of  solution  of  caustic  soda 
for  general  work,  at  ordinary  temperatures. 
Exposure  to  such  liquor  for  a  few  minutes 
suffices  to  produce  the  change.  Much  weaker 
liquors,  however,  were  found  to  be  effective ; 
but  with  these  much  longer  exposure  was 
necessary.  Exposure  for  forty-two  hours  in 
liquor  of  10°  Tw\,  at  ordinary  temperatures, 
produced  very  little  change.  The  strength  of 
the  soda  liquor  was  found  to  be  considerably 
reduced  by  contact  with  cotton,  even  if  so 
strong  as  65°  Tw.  at  starting ;  showing  that 
the  cotton  absorbed  soda  in  larger  propor- 
tion than  the  water  corresponding  to  such 
solution.  To  maintain  at  45°  Tw.  a  bath  of 
caustic  liquor,  through  which  cloth  was  passed, 
it  was  found  necessary  to  supply  liquor  of  at 
least  60°  Tw. 

The  influence  of  change  of  temperature 
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was  found  to  be  the  reverse  of  wliat  usually 
occurs  with  chemical  reactions.  Increase  of 
temperature,  instead  of  facilitating  the  action 
of  the  alkali,  retarded  it.  At  a  boiling  heat 
the  peculiar  effect  was  never  obtained.  Eeduc- 
tion  of  temperature,  on  the  contrary,  facili- 
tated the  action.  By  artificial  cooling  much 
weaker  liquors  were  found  to  be  equally 
effective.  Mercer  concluded  that  about  60° 
Fahr.  is  the  temperature  best  suited  to  pre- 
pare cloth  of  good  texture.  At  a  much  lower 
temperature  the  cloth  turned  out  stiffer  and 
harder.  Cloth  which  had  been  altered  by 
treatment  witli  cold  weak  liquor  (40°  Tw.) 
showed  a  partial  return  to  its  previous 
condition  if  immediately  washed  in  boil- 
ing weak  liquor  (20°  Tw.) ;  but  when  the 
alteration  had  been  effected  with  stronger 
liquor  (50°  Tw.),  the  cloth  might  be  imme- 
diately washed  in  hot  weaker  liquor  without 
injury. 

Mercer's  description  of  his  process,  as  given 
in  his  patent  specification,  will  be  found  in 
the  Appendix  (§  XX.). 
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The  best  results,  both  as  regards  tex- 
ture and  colour-receptive  power,  were  ob- 
tained with  cloth  which  had  been  previously 
bleached  without  being  boiled  in  weak  alka- 
line liquors,  as  commonly  practised.^  Cloth 
which  was  bleached  by  being  first  soaked 
for  one  hour  in  boiling  water,  squeezed  and 
washed  five  or  six  times,  afterwards  soaked  in 
a  bath  of  lime  and  hypochlorite  at  a  tempe- 
rature not  exceeding  170°  Fahr.,  and  then 
squeezed,  soured,  and  washed  as  usual,  was 
regarded  as  best  for  mercerising.  It  is  very 
important  that  the  cloth  is  in  such  a  condi- 
tion as  to  allow  the  liquor  to  permeate  the 
threads  uniformly  and  rapidly.  When  a  diffi- 
culty presented  itself  from  imperfect  or  un- 
equal permeability  of  the  cloth,  as  is  the 
case  with  unbleached  cotton.  Mercer's  remedy 
was  to  soak  it  in  boiling  water  for  about  one 
hour,  squeeze  and  wash  with  water  five  or  six 

^  It  has  "been  observed  by  Mr.  Walter  Crum,  that  hot 
alkaline  solutions,  although  weak,  mat  together  cotton  fibres, 
close  their  pores  and  thus  injure  their  absorbing  powers; 
although  strong  caustic  alkaline  solutions  open  their  pores. 
Hypochlorites  in  excess  also  open  the  pores  of  cotton  fibre. 
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times,  and  treat  the  cloth  with  alkah,  while 
still  slightly  moist. 

The  two  most  important  changes  which 
the  cloth  exhibits  after  this  treatment  have 
already  been  stated — namely,  increased  tena- 
city, in  consequence  of  the  contraction  of 
the  fibre,  and  increased  receptive  power  for 
colouring  materials.  A  practical  illustration 
of  the  first  was  very  soon  obvious  in  the  extra 
effort  required  from  the  boys  whose  duty  it 
was  to  tear  off  the  superfluous  ends  of  the 
printed  pieces.  Their  fingers  were  strained 
much  more  than  when  working  with  ordinary 
cloth.  The  increase  in  strength  appeared  to 
be  in  greater  proportion  than  the  linear  con- 
traction of  the  fibre  would  suggest.  The 
linear  contraction  was  found  to  be  from 
one-fifth  to  one-fourth,  according  to  circum- 
stances. On  a  comparative  trial  of  two 
narrow  strips  of  similar  cloth  of  the  same 
size,  one  of  which  was  mercerised,  the  ordi- 
nary cloth  broke  with  a  weight  of  13  lbs. ; 
the  altered  cloth  required  for  breakage  a 
weight  of  22  lbs.    A  given  number  of  ordi- 
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nary  threads,  which  would  break  with  13  oz., 
could  sustain,  Avhen  mercerised,  a  weight  of 
at  least  19  oz.  The  mercerised  cotton  fibre 
acquires  a  strength  almost  equal  to  that  of 
linen.  The  finest  cotton  cloth  which  can 
possibly  be  manufactured  may,  by  merceris- 
ing, be  contracted  and  consolidated  to  three- 
fourths  of  the  original  length  and  breadth,  or 
fine  cotton  cloth  of  200  picks  to  the  inch  may 
be  contracted  to  270  picks  to  the  inch. 

Another  change  which  the  cloth  presented 
after  being  mercerised  was  a  shght  increase  in 
weight,  notwithstanding  every  trace  of  soda 
had  been  washed  out.  This  increase  was 
found  to  be  nearly  uniform.  It  amounted  to 
from  4-5  to  5*5  per  cent,  of  the  weight  of 
the  original  bleached  cloth,  dried  at  ordinary 
temperatures.  It  is  due  to  the  presence  of 
moisture  in  excess  of  the  hygroscopic  mois- 
ture of  the  unaltered  cloth  ;  either  in  a  state 
of  feeble  chemical  combination,  or  hygro- 
scopic, owing  to  the  increased  absorbing 
power  of  the  altered  fibre.  This  water  is 
capable   of  being  expelled  by  a  moderate 
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heat  (212°  Falir.) ;  but  on  exposure  to  the  air 
at  ordinary  temperatures,  the  dried  cloth 
uniformly  re-absorbs  the  same  quantity  of 
moisture  in  excess  of  the  hygroscopic  mois- 
ture absorbed  by  the  same  weight  of  un- 
altered cloth  under  similar  circumstances.^ 

By  printing  the  cloth  with  a  protecting 
material  before  mercerising,  very  pleasing 
results  were  obtained ;  the  protected  parts, 
not  being  contracted  like  the  rest,  gave  a 
'  puckered '  design,  resembling  damask  or 
cotton  crape.  On  afterwards  dyeing  such 
cloth,  the  protected  design,  owing  to  its  com- 
paratively inferior  colour-receptive  power, 
presented  a  lighter  shade.  For  a  protecting 
material,  Mercer  gave  the  preference  to  gum 
solution  made  as  thick  as  workable  with  best 
hard  gum  arable  or  Senegal.     He  observed 

^  Mercer  took  two  similar  pieces  of  cambric,  each  weighinpr, 
after  being  kept  at  60°  Falir,,  80  oz.  One  was  mercerised 
and  washed ;  the  other  was  washed  in  water.  Both  were  tho- 
roughly dried  by  being  passed  three  times  over  the  drying- 
machine  at  212°.  They  then  weighed  7 6  oz.  each.  After  ex- 
posing both  to  the  air  at  60°  Fahr.,  the  mercerised  cloth  weighed 
84  oz.  and  the  ordinary  cloth  80  oz.  Frequent  trials  gave 
similar  results. 
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that  caustic  liquor  of  60°  Tw.  produced  more 
contraction  and  puckering  than  Hquor  of  70° 
Tw.  ;  but  with  the  former  there  is  more  risk 
of  the  gum  being  loosened  than  with  the 
latter.  For  a  white  puckered  design  he  pre- 
ferred steeping  the  cloth  for  two  minutes  in 
liquor  of  60°  Tw.  ;  to  obtain  different  shades 
of  colour,  he  preferred  using  liquor  of  70° 
Tw.  The  cloth  was  immediately  washed  in 
water  or  very  weak  liquor.  In  the  Appendix 
(§  XXI.)  will  be  found  some  of  his  observa- 
tions on  dyeing  mercerised  cloth. 

In  a  scientific  aspect,  a  question  of  con- 
siderable interest  is — whether  or  not  a  direct 
chemical  combination  takes  place  between 
the  cotton  fibre  (or  cellulose)  and  the  alkali. 
Mercer,  as  we  have  before  observed,  con- 
cluded, at  the  commencement  of  his  investi- 
gations, that  such  a  compound  is  formed, 
but  so  feeble  as  to  suffer  decomposition  by 
water,  and  by  exposure  to  the  carbonic  acid 
of  the  air.  One  circumstance  in  favour  of 
this  view  is  the  reduction  in  strength  which 
the  strong  alkahne  bath  undergoes,  as  already 
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mentioned.  Another  is  that  the  alkali  is  not 
so  easily  removed  from  the  cloth  by  washing 
as  if  it  were  held  merely  mechanically  ;  hence 
the  necessity,  in  practice,  of  passing  the  cloth 
through  a  bath  of  weak  sulphuric  acid  to 
remove  all  the  alkali  with  facility.  Mercer 
concluded  that  the  compound  which  is  formed 
consists  of  single  equivalents  of  cellulose  and 
alkali,  or  (according  to  equivalents  now  ac- 
cepted) Ci2  H20  Oio,  Nag  0  ;  and  that  when  it  is 
decomposed  by  water,  one  equivalent  of  the 
latter  takes  the  place  of  one  equivalent  of  the 
alkali.  To  the  existence  of  this  hydrate  he 
attributed  the  remarkable  difference  in  weight 
which  mercerised  and  ordinary  cloth  pre- 
sent on  being  dried  and  afterwards  exposed. 
The  average  increase  of  weight  above  the 
hygroscopic  moisture  of  similar  ordinary  cloth 
was  5'0  per  cent.  ;  sometimes  it  was  found 
to  amount  to  5'5  per  cent.  The  proportion  of 
water  required  by  the  formula  C12 IT20  Oio,  HgO 
is  5*5  per  cent.  Mercer  compared  the  de- 
gree of  affinity  existing  between  the  altered 
fibre  and  this  water  to  that  presented  by 
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crystallised  yellow  prussiate  of  potash,  which 
parts  with  all  its  water  at  180°  Fahr. ;  but, 
on  exposure  to  air,  the  white  dried  prussiate 
absorbs  the  full  amount  previously  contained 
in  the  crystals.  This  he  regarded  as  a  case 
of  chemical  de -hydration  and  re-hydration 
parallel  to  that  of  mercerised  cloth  at  similar 
temperatures. 

On  the  other  hand,  the  retention  of  the 
structure  of  the  fibre  without  injury  appears 
to  be  unfavourable  to  the  view  of  a  chemi- 
cal combination.  Certainly  in  most  cases  of 
chemical  action  on  organic  structures  disinte- 
gration is  a  consequence.  But  there  are  ex- 
ceptions to  this  rule,  a  notable  one  being  that 
of  gun-cotton.  The  microscopic  appearance 
of  the  fibre  is  scarcely  altered  by  the  gun- 
cotton  process. 

The  chemical  view  received  a  confirma- 
tion from  Dr.  Gladstone,  who  obtained  a  de- 
finite compound  of  cotton  with  potash  by 
washing  out  the  excess  of  alkali  with  alcohol. 
It  was  decomposable  by  water  and  by  car- 
bonic acid.    Gladstone's  compound  contained 
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one-half  the  amount  of  alkali  assumed  to  be 
the  full  amount  by  Mercer. 

Microscopic  comparison  of  raw  and  mer 
cerised  cotton  has  confirmed  Mercer's  original 
view  as  to  the  change  produced  in  the  fibre, 
expressed  in  his  specification  as  '  somewhat 
analogous  to  that  which  is  produced  on  wool 
by  the  process  of  fulling  or  milling,  the 
fibre  becoming  thicker  and  closer.'  This 
subject  was  investigated  by  the  late  Mr. 
Walter  Crum,  to  whom  we  are  indebted  for 
the  following  observations,  published  in  the 
'  Journal  of  the  Chemical  Society,'  1863  : 

Ordinary  cotton  fibre  presents,  in  section, 
the  appearance  of  a  flattened,  partially  twisted 
tube.  It  is  not  a  hollow  tube  filled  with  air, 
but  filled  with  apparently  solid  matter  (like 
the  liber  fibre  of  flax),  sometimes  altogether, 
and  at  other  times  leaving  clear  passages 
through  the  centre.  If  unripe,  the  sides  are 
so  close  as  to  appear  like  a  blade,  and  some- 
times adhere  so  firmly  to  each  other  that  no 
line  can  be  detected  to  mark  a  division  be- 
tween them.    In  the  process  of  ripening  the 
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substance  of  the  thin  wall  as  it  exists  in  the 
half-ripe  fibre,  and  after  being  removed  from 
the  plant  and  dried,  is  itself  capable  of  ex- 
pansion, so  as  not  only  to  give  the  fibre  more 
of  the  cylindrical  form,  but  to  fill  up  a  great 
part  of  the  interior  of  the  cylinder.  When 
mature,  the  fibre  is  more  cylindrical ;  its 
walls  are  considerably  and  uniformly  thick- 
ened, but  the  complete  cylindrical  form  is 
rarely  to  be  seen  except  at  the  smaller  end. 

Mr.  Crum  states  that,  by  the  process  of 
mercerising,  the  fibre  undergoes  a  change 
precisely  similar  to  that  in  ripening.  When 
the  half-ripe  but  still  perfectly  flat  and  thin 
dried  fibre  is  soaked  in  a  solution  of  caustic 
soda  of  sp.  gr.  1-300  to  1*400,  it  at  once 
assumes  the  round  solid  form  of  ripe  cotton, 
differing  from  the  naturally  matured  fibre 
only  in  being  smaller,  more  generally  cylin- 
drical, and  in  having  a  larger  aperture  in  the 
centre.  The  increase  of  magnitude  is  due 
altogether  to  an  expansion  of  the  cell-wall,  or 
a  separation  from  each  other  of  the  laminae 
or  other  structure  of  which  it  must  consist. 

0 
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The  action  of  the  soda  completes  the  cyhn- 
drical  form  of  the  mature  fibre,  at  the  same 
time  greatly  enlarges  its  volume,  and  fills  up 
almost  entirely  the  central  cavity.  Another 
effect  of  the  alkali  is  to  produce  a  twisting  of 
the  fibre  to  an  extent  sufficient  to  explain  the 
contraction  which  takes  place  in  the  length 
and  breadth  and  the  thickness  of  any  woven 
fabric  which  is  made  to  undergo  the  merceris- 
ing process. 

In  the  same  memoir,  Mr.  Crum  has  shown 
that  the  colour-receptive  power  of  the  fabric 
is  to  a  great  degree  dependent  on  the  proper 
development  of  the  internal  laminae  or  cells. 
It  is  the  interior  rather  than  the  external 
membrane  which  has  the  faculty  of  attracting 
those  mineral  and  vegetable  substances  which 
are  either  dyes  themselves  or  which  form 
dyes  by  attracting  and  combining  with  other 
bodies.  They  enter  through  the  pores  in  a 
state  of  solution,  and  by  various  means 
become  solidified  and  retained  within  the 
fibre.  It  is  true  that  with  many  dyes  a 
portion   of    the    colouring   matter  is  also 
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attached  to  the  exterior  of  the  fibre,  but 
this  is  only  a  superaddition  to  the  greater 
amount  of  the  dye  wliich  is,  or  ought  to 
be,  in  all  cases  within  the  fibre.  Hence  the 
importance,  in  dyeing,  of  the  expansion 
of  the  fibre,  the  loosening  of  the  cells,  and 
opening  of  the  pores,  which  are  efiected  by 
the  process  of  mercerising. 

ACTION  OP  SULPHURIC  ACID  ON  COTTON. 

We  have  already  stated  that  Mercer  dis- 
covered that  a  change  may  be  produced  in 
cotton  fibre,  apparently  precisely  similar  to 
that  produced  by  caustic  alkalies,  by  means 
of  sulphuric  acid,  within  certain  limits  of 
strength.  The  use  of  sulphuric  acid  was 
included  in  his  English  patent  for  '  Improve- 
ments in  the  preparation  of  cotton,'  &c.,  in 
1850.  The  action  of  this  acid,  like  that  of 
caustic  alkali,  varies  considerably  with  the 
strength,  temperature,  and  time  allowed  for 
action.  Weak  acid,  as  well  as  strong,  pro- 
duces disintegration  of  the  fibre  ;  but  exposure 

0  2 
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for  a  few  minutes  to  acid  of  from  104°  Tw.  to 
125°,  at  ordinary  temperatures,  produces  a 
modification  of  the  fibre  without  impairing 
its  tenacity. 

If  the  object  is  simply  to  enhance  the 
colour-receptive  power  of  cotton  cloth  without 
injury  to  the  fibre,  Mercer  considered  the 
best  strength  to  be  about  108°  Tw.  at  50°  to 
60°  Fahr.  The  cloth  (which  should  be  in  a 
condition  to  absorb  watery  liquids  quickly) 
was  passed  over  and  under  rollers,  so  as  to 
be  in  the  acid  for  one  minute,  then  through 
squeezers,  and  washed  by  a  series  of  rollers 
in  water. 

Sulphuric  acid  of  104°  produces  very 
little  immediate  effect.  Mercer  regarded  the 
efiective  hydrate  to  be  the  terhydrate 
(H2SO4  +  2H2O),  of  sp.  gr.  125°,  but  acid  of 
that  strength  was  found  to  be  too  energetic 
for  practical  use.  He  made  the  following 
observations  respecting  the  action  of  sul- 
phuric acid  of  different  strengths  on  cotton, 
paper,  &c. : 

'  Three  stages,  or  perhaps  more,  may  be 
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recognised  in  the  action  of  sulpliiiric  acid. 
The  first  action  seems  to  be  the  expansion  and 
rupture  of  the  fibre ;  to  effect  which  the 
strength  of  the  acid  should  be  about  110°,  at 
temperature  about  50°  Fahr.  When  washed 
and  dried,  the  cloth  is  not  stiff  (as  is  the  case 
with  stronger  acid),  but  very  soft,  and  feels 
similar  to  glove  leather.  It  is  not  much 
contracted,  and  can  easily  be  stretched  to  its 
original  size.  It  is  very  white,  and  its  power 
of  receiving  colour  is  greatly  augmented.  It 
is  to  cloth  of  this  character  that  my  patent 
relates. 

'  The  next  stage  is  exhibited  with  acid  of 
about  114°  or  115°,  at  the  same  temperature. 
This  strength  causes  considerable  contraction 
of  the  cloth.  When  washed  and  dried  under 
pressure  between  folds  of  bleached  cloth,  it 
is  stiff  and  white,  having  the  appearance  of 
being  impregnated  with  a  dense  white  pre- 
cipitate. It  cannot  be  stretched  to  its  original 
dimensions.  If  the  cloth  is  impregnated  with 
milk,  and  dried  before  being  immersed  in  the 
acid,  it  looks  still  whiter  and  more  beautiful 
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'  Sulphuric  acid  stronger  than  the  above, 
namely,  from  116°  to  125°  Tw.,  at  the  temper- 
ature of  50°  Fahr.  produces  another  marked 
effect.  With  this  the  cloth  becomes  semi- 
transparent.  It  is  stiff,  and  much  contracted. 
If  a  design  is  first  pencilled  or  printed  with  a 
protecting  paste  of  albumen,  solution  of 
casein,  or  thick  gum-water,  and  dried  before 
being  put  into  the  acid,  the  design  is  preserved 
and  a  very  pleasing  effect  may  be  produced. 

'  When  paper  or  cotton  is  digested  for  a 
little  time  in  acid  not  stronger  than  115°  Tw. 
at  common  temperatures,  it  dissolves,  forming 
a  thick  pasty  liquid,  which,  when  poured  into 
water,  gives  a  white  precipitate  something  like 
boiled  rice,  very  soluble  in  caustic  soda.  If 
the  acid  is  stronger  and  allowed  to  act  longer, 
the  pasty  character  of  the  solution  disappears ; 
and  the  liquid  becomes  thin.  This,  when 
poured  into  water  also  gives  for  a  time  a 
precipitate,  but  differing  in  appearance  from 
the  above ;  when  washed  and  dried,  it  forms 
a  smooth  coherent  mass.  But  if  the  action  of 
the  acid  be  still  further  prolonged,  or  the 
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temperature  be  slightly  raised,  or  the  acid  be 
a  little  stronger,  the  fibre  is  wholly  converted 
into  dextrine,  and  the  solution  then  gives  no 
precipitate  on  dilution.' 

The  weight  of  the  dried  cloth  altered  by 
sulphuric  acid  was  found  to  be  the  same  as  at 
first ;  in  which  respect  it  differs  from  sodaised 
cloth . 

Through  an  oversight  in  the  translator, 
or  some  other  party,  in  the  specification  of 
Mercer's  French  patent  the  claim  to  use  sul- 
phuric acid  was  omitted.  The  English  specifi- 
cation, which  included  the  use  of  sulphuric 
acid,  was  soon  published  in  this  country ; 
but  a  French  chemist,  M.  Lefevre,  of  Thann, 
considering  Mercer's  invention  to  relate  only 
to  caustic  alkalies,  made  experiments  with  sul- 
phuric acid  for  the  same  object,  and  finding 
the  method  feasible,  made  an  application  for  a 
French  patent  and  introduced  it  as  a  novelty. 
M.  Lefevre,  on  discovering  that  he  had  been 
anticipated  by  Mercer,  wrote  to  him  a  very 
courteous  letter,  acknowledging  his  oversight, 
and  withdrawing  all  claim  to  originality. 
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ACTION  OF  OTHER  CHEMICAL  AGENTS  ON  COTTON. 

The  only  other  altering  material  which 
Mercer  introduced  into  his  English  specifica- 
tion was  chloride  of  zinc.  This  was  found  to 
be  effective  in  a  state  of  strong  solution  (200° 
Tw.),  but  it  presented  no  advantages  over 
caustic  soda  or  sulphuric  acid.  Moderate 
heating  of  the  liquor  (to  100°  Fahr.  or  a  little 
higher)  was  found  to  be  necessary.  The 
hydrate,  containing  2^  equivalents  of  water 
to  1  equivalent  of  chloride  of  zinc,  answered 
very  well ;  with  more  than  3  equivalents  of 
water  there  was  very  little  action.  A  warm 
saturated  solution  of  nitrate  of  zinc  was 
without  action. 

Mercer  found  that  a  strong  solution  of 
chloride  of  calcium  at  a  boiling  heat  produces 
a  slight  alteration  of  the  fibre.  He  observed 
that  bleached  cotton  may  be  improved  by 
being  passed  through  solution  of  chloride  of 
calcium  at  from  90°  to  100°  Tw.  at  a  tempe- 
rature near  boiling  (290°  Fahr.).  A  mixture 
of  single  equivalents  of  chloride  of  zinc  and 
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chloride  of  calcium  of  165°  Tw.  proved  much 
more  effective  than  chloride  of  calcium.  The 
other  materials  which  were  found  to  produce 
a  similar  change  in  cotton  fibre  were  arsenic 
acid  with  heat,  phosphoric  acid,  and  hot 
protochloride  of  tin  with  three  equivalents  of 
water.  Neither  of  these  suggested  any  prac- 
tical application. 

He  also,  on  a  subsequent  occasion,  tried 
the  effect  of  adding  hydrated  oxide  of  zinc  to 
the  soda  liquor  used  in  the  mercerising  pro- 
cess, and  found  that  the  action  of  the  liquor 
was  greatly  increased  by  the  presence  of  that 
oxide.  Caustic  soda  liquor  too  weak  to  be 
used  in  the  process  (20°  Tw.)  was  found  to  be 
very  effective  when  it  held  oxide  of  zinc  in 
solution,  in  the  proportion  of  nearly  one  equi- 
valent of  zinc  to  two  equivalents  of  soda.^ 
Soda-zinc  solution  corresponding  to  30°  Tw. 
soda  liquor  '  acted  very  strongly  when  cold, 
but  did  not  act  while  hot.' 

^  Or,  as  we  should  now  say,  one  equivalent  of  zinc  to  four 
equivalents  of  soda. 
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In  memoranda  on  tlie  action  of  soda  on 
other  textile  fabrics  than  cotton,  Mercer  has 
observed  that  hnen  is  altered  thereby  in  a 
similar  manner  to  cotton  ;  it  shrinks,  and  also 
increases  in  weight  by  absorption  of  extra 
moisture,  but  the  increase  in  weight  is  not  so 
great  as  is  the  case  with  cotton.  Cloth  made 
from  China  grass  was  found  difficult  to  wet, 
but  it  was  altered,  and  in  colour-receptive 
power  became  equal  to  cotton.  He  suggested 
the  application  of  the  process  to  materials  for 
making  ropes,  cordage  and  thread. 

He  also  made  numerous  experiments  on 
the  action  of  caustic  soda  and  sulphuric 
acid  on  paper ;  and  found  that,  by  contact 
with  either  of  these  for  a  few  moments  and 
then  washing,  the  paper  could  be  consider- 
ably strengthened  and  made  translucent.  He 
states  that  he  obtained  the  most  translucent 
paper  (and  also  cotton  cloth)  by  dipping  it  in 
caustic  soda  at  a  very  low  temperature,  such 
as  he  obtained  by  mixing  1  pint  of  caustic 
soda  hquor  of  70°  Tw.  wdth  20  ounces  of 
snow  or  pounded  ice.     The  temperature  of 
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the  mixture  was  below  zero  (Fahr.).  With 
sulphuric  acid  of  various  strengths,  from  115° 
to  125°  Tw.  at  50"  Fahr.,  he  found  the  paper 
to  be  likewise  made  translucent  and  consider- 
ably strengthened.  Paper  may  be  used  sized 
or  unsized.  By  impregnating  it  with  gelatine 
and  drying  previous  to  dipping  it  into  the 
acid  he  obtained,  after  washing  and  drying,  a 
'  very  fine  white  paper,  which  folds  quite 
easily.'  This  mercerised  paper  was  probably 
regarded  by  him  rather  as  an  article  of  curi- 
osity than  of  practical  value  ;  but  a  few  years 
afterwards  it  became  manufactured  exten- 
sively by  others  as  the  useful  material  now 
known  as  '  parchment  paper.' 

No  sooner  was  the  interesting  and  im- 
portant discovery  which  forms  the  subject  of 
this  chapter  made  public  than  it  attracted 
great  attention,  both  from  a  scientific  and 
technical  point  of  view.  Among  the  most 
attractive  exhibits  at  the  Great  International 
Exhibition  of  1851  was  Mercer's  interestino^ 
collection  of  various  articles  in  illustration  of 
his  invention.    As  one  of  the  jurors  of  the 
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same  Class  in  wliich  he  exhibited,  he  was  pre- 
cluded, by  the  rules  of  the  Exhibition,  from 
receiving  the  ordinary  mark  of  distinction 
awarded  to  the  best  exhibitors ;  but  in  the 
Eeports  of  Juries  of  the  Exhibition  (p.  69)  we 
read  that  '  Mercer's  process  for  modifying 
the  fibre  of  cotton  "  was  found  to  be  of  suffi- 
cient importance,  in  the  opinion  of  the  jury, 
to  merit  special  commendation.  This  was 
considered  so  valuable  and  so  important  a  dis- 
covery that  the  jury  determined  to  recommend 
it  as  worthy  of  the  distinction  of  a  Council 
Medal.' 

At  the  close  of  the  Exhibition,  so  many 
exhibitors  were  desirous  of  making  presents  to 
the  Queen,  that  her  Majesty  was  compelled 
to  decline  all  such  proffers.  A  special  build- 
ing would  have  been  necessary  to  receive 
them  all.  Her  Majesty  was,  however,  gra- 
ciously pleased  to  make  two  exceptions,  one 
of  which  was  a  present  of  his  prepared  pocket 
handkerchiefs  from  Mr.  Mercer.  The  pro- 
cess was  made  tlie  subject  of  an  interesting 
lecture,  at  one  of  the  Friday  evening  meetings 
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of  the  members  of  the  Eoyal  Institution,  by 
Dr.  Play  fair. 

In  commercial  results  the  invention  did 
not  prove  so  successful  as  had  been  antici- 
pated. It  is  probable  that,  if  it  had  been 
carried  out  vigorously  at  the  time  of  its  intro- 
duction, it  would  have  been  a  commercial 
success.  A  French  company  offered,  for  the 
purchase  of  the  patents,  the  sum  of  forty 
thousand  pounds,  which  Mr.  Mercer,  not 
having  Works  of  his  own,  was  disposed  to 
accept ;  but  his  partner  in  the  patent,  Mr. 
Hargreaves,  was  not  so  disposed,  and  the 
negotiation  failed.  The  invention  has  not 
yet  been  extensively  applied  for  the  object 
which  Mercer  had  chiefly  in  view — that  is  to 
say,  the  improvement  in  colour  and  strength 
of  printed  calicos.  The  question  will  be  asked 
— to  what  is  this  to  be  attributed  ?  Certainly 
not  to  any  difliculty  in  carrying  out  the  pro- 
cesses, nor  to  failure  in  obtaining  all  the 
desired  improvements.  The  answer  is  prob- 
ably to  be  found  m  the  change  which  close 
competition  soon  afterwards  induced  in  calico- 
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printing,  as  in  many  other  industries  in  this 
country,  which  rendered  it  expedient,  in  the 
judgment  of  the  manufacturer,  to  sacrifice 
durabihty  and  intrinsic  excellence  to  external 
appearance.     The  contraction  of  the  cloth 
which  took  place  in  mercerising,  although 
attended  with  so  great  an  improvement  in 
quality,  did  not  suit  the  purpose  of  the  manu- 
facturer,  especially  for  goods  intended  for 
export.    Durability  of  his  produce  oftentimes 
became  undesirable  to  the  producer.    A  good 
appearance  at  the  lowest  cost  was  the  primary 
consideration.     It  is  obvious  that  such  an 
unwholesome  condition  of  things  must  either 
be  permanently  injurious,  or  else  in  the  course 
of  time   induce  a  reaction.     Possibly  such 
reaction,  in  the  particular  industry  before  us, 
may  have  already  commenced,  and  the  time 
may  not  be  distant  when  it  will  be  found  ex- 
pedient to  carry  out  extensively  the  process 
we  have  been  considering.    That  the  time  for 
this  will  one  day  arrive  we  have  every  reason 
to  believe,  especially  when  we  consider  the 
greatly  reduced  cost  at  which  the  necessary 
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chemicals  may  now  be  obtained,  as  compared 
with  their  prices  thirty  years  ago. 

We  have,  however,  in  concluding  the 
present  chapter,  to  notice  an  application  of 
mercerised  cotton  which  has  been  very  suc- 
cessful— namely,  in  the  manufacture  of  calico- 
printers'  '  blankets  '  for  machine-printing,  for 
which  Messrs.  Mercer  and  Hargreaves  ob- 
tained a  patent.  The  blanket  consists  of  two 
plies  of  unbleached  mercerised  cotton  cloth 
cemented  by  caoutchouc,  capable  of  being 
easily  connected  at  the  ends,  so  as  to  make  a 
continuous  even  band.  Being  much  thinner 
than  the  old  woollen  and  macintosh  blankets, 
they  afford  a  neater  and  better  impression. 
They  are  also  cheaper  and  more  durable  than 
the  old  blankets.  Their  superiority,  which  was 
soon  recognised,  led  to  their  general  adop- 
tion. They  continue  in  general  use  at  the 
present  time. 
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CHAPTEE  XI. 

MISCELLANEOUS  NOTES  ON  SOME  SUBJECTS 
IN  THEORETICAL  CHEMISTEY. 

On  thermal  changes  produced  hy  admixture 
of  chloride  of  zinc  and  chloride  of  calcium. — 
While  experimenting  on  the  modification 
produced  in  cotton  fibre  by  chloride  of  zinc 
and  chloride  of  calcium,  Mercer  made  some 
interesting  incidental  observations,  one  of 
which  he  describes  in  a  letter  to  Dr.  Playfair, 
from  which  we  make  the  following  extracts. 
It  relates  to  the  change  of  temperature  which 
occurs  on  the  mixture  of  hydrates  of  these 
two  chlorides. 

'  The  terhydrate  of  chloride  of  zinc, 
ZnCl  +  3H0 '  (according  to  the  equivalents  and 
formula  then  received),  '  at  a  temperature  of 
200°  Fahr.,  acts  powerfully  on  cotton  fibre  or 
paper,  converting  it  into  a  material  which  has 
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the  appearance  of  boiled  starch,  but  insoluble 
in  boiling  water.  The  terhydrate  of  chloride 
of  calcium  (CaCl  +  3H0),  at  the  same  tem- 
perature, or  at  its  boiling  heat  of  290**  Fahr., 
acts  but  slowly  on  the  fibre.  I  therefore 
mixed  these  two  chlorides  together.  The 
result  was  an  immediate  disengagement  of  a 
large  amount  of  heat.  Although  I  expected 
that  combination  of  the  two  chlorides  would 
take  place,  according  to  my  theory  of  the 
constitution  of  mixed  saline  solutions — that  is, 
that  the  two  chlorides  would  unite  to  form  a 
closer  combination  with  each  other  than  either 
chloride  held  with  its  first  atom  of  water,  and 
consequently  some  heat  be  developed — yet  I 
was  taken  by  surprise  at  the  great  increase  in 
temperature  which  resulted. 

'  If  the  two  hydrates  are  heated  separately 
to  near  their  boiling-points,  and  then  mixed, 
the  heat  is  such  as  to  blow  up  the  mixture. 

'  If  the  two  terhydrates  are  mixed  in  the 
proportion  of  single  equivalents,  each  of  the 
temperature  of  200°  Fahr.,  the  temperature 
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of  tlie  mixture  is  230°  Fahr.  ;  the  increase  is, 
therefore,  60°  for  one  volume. 

'  This  mixture  may  be  concentrated  by  eva- 
poration until  it  retains  only  two  equivalents 
of  water  (one  equivalent  to  each  chloride).  I 
liave  kept  this  without  change  at  the  tempera- 
ture of  400°  Fahr. 

'  The  preceding  mixed  hydrates  retained 
their  fluidity  when  cooled  to  180°  Fahr.  On 
the  addition  of  water  at  the  same  temperature, 
violent  ebullition  took  place. 

'  But  the  admixture  of  higher  hydrates 
of  these  two  chlorides  gave  me  very  different 
results  ;  thus  : 

'On  mixing  ZnCl  +  9H0  with  CaCl  +  9H0 
(single  equivalents),  both  at  the  temperature 
of  48°  Fahr.,  cold  was  produced  ;  the  tem- 
perature of  the  mixture  immediately  became 
43°  Fahr.,  or  a  loss  of  5°  Fahr. 

'On  mixing  ZnCl  +  12H0  with  CaCl-h 
12H0,  both  at  the  temperature  of  55°  Fahr., 
that  of  the  mixture  became  49°  Fahr.,  or  a 
loss  of  6°  Fahr. 

'  On  mixing  ZnCl  +  6H0with  CaCl  +  12H0, 
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both  at  the  temperature  of  50°  Fahr.,  that  of 
the  mixture  became  44°  Fahr. — a  loss  of  6° 
Fahr. 

'  On  mixing  ZnCl  +  6H0  with  CaCl  +  18H0, 
both  at  the  temperature  of  55°,  that  of  the 
mixture  became  50°  Fahr. — a  loss  of  5°  Fahr. 

'  On  mixing  ZnCl  +  12H0  with  CaCl  +  6H0, 
both  at  the  temperature  of  80°  Fahr.,  that  of 
the  mixture  became  78°  Fahr. — a  loss  of  2° 
Fahr. 

'  The  addition  of  water  after  the  two 
chlorides  had  been  mixed  caused  increase 
of  temperature  up  to  a  considerable  degree  of 
dilution. 

'  In  all  my  experiments,  when  one  of  the 
hydrates  contained  less  than  six  equivalents 
of  water,  however  many  the  other  contained, 
heat  was  developed  ;  but  there  was  a  fall  of 
the  thermometer  (at  ordinary  temperatures) 
on  mixing  hydrates  both  containing  over 
six  equivalents  of  water.  In  all  probabihty 
no  coohng  would  take  place  at  higher  tem- 
peratures.    This  I  must  prove.     The  only 

p  .2 
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similar  cases  I  am  aware  of  are  those  noticed 
in  Gmelin's  "  Handbook,"  vol.  i.  p.  300.' 

Eeferring  elsewhere  to  a  kindred  subject, 
the  tendency  to  combination  among  salts  in 
solution,  he  observes  that  the  cases  are  very 
rare  in  which  the  mixture  of  two  soluble 
salts,  in  saturated  solution,  possesses  the  exact 
average  qualities  of  the  solutions  separately. 
Setting  aside  cases  of  obvious  double  decom- 
position, there  is  generally  a  change,  more  or 
less,  in  solubility,  which  is  sometimes  increased, 
as  in  the  case  of  acetate  and  nitrate  of  lead 
(tlie  mixture  of  which  salts  in  single  equiva- 
lents is  so  soluble  as  to  be  scarcely  crystallis- 
able)  ;  sometimes,  and  much  more  frequently, 
the  solubilities  of  salts  are  diminished  on 
mixture,  as  in  a  multitude  of  well-known 
cases. 

A  propos  of  such  saline  combinations,  he 
remarks  that  '  a  mixture  of  acetate  of  lead 
and  acetate  of  alumina  forms  a  strong  coag- 
ulum  with  gum,  while  neither  of  the  salts 
separately  possesses  this  property.' 

In  the  letter  to  Dr.  Pla3^fair  above  quoted 
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he  says  :  '  Did  you  arrive  at  any  definite  con- 
clusions in  your  researches  on  the  contractions 
on  diluting  sulphuric  acid  ?  I  was  unprepared 
for  the  diagram  or  curve  which  you  sent  me. 
For  a  long  while  T  was  "  quite  out  at  sea,  nor 
saw  the  shore,"  until  at  length  I  thought  I  saw 
twelve  equivalents  of  water  as  a  marked  pro- 
gressive number ;  twice  twelve,  three  times 
twelve,  and  so  on.  Possibly,  six  may  be  the 
distinctive  number  of  equivalents.' 

Note  on  the  solubility  of  oxalate  of  lime  in 
certain  liquids. — In  1851  Mercer  made  the 
observation  that  solutions  of  the  oxalates  of  the 
'  sesqui  type,'  namely,  alumina,  oxide  of  chro- 
mium, and  peroxide  of  iron,  afford  no  precipi- 
tates when  mixed  with  a  solution  of  chloride  of 
calcium,  nitrate  of  lime,  or  acetate  of  lime.  He 
also  observed  that  oxalate  of  lime  is  soluble  in 
solutions  of  chloride  of  aluminium,  nitrate  of 
alumina,  nitrate  of  chromium,  and  pernitrate 
of  iron,  whether  the  base  is  united  with  the 
full  proportion  of  acid  (as  in  the  alums)  or 
with  two-thirds  only.    Some  of  these  facts 
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had  already  been  noticed  by  Graham,  but  they 
were  not  generally  known  to  the  chemical 
world  at  that  time 

Ammoniacal  copper  solution  and  cotton. — 
Mercer  appears  to  have  been  the  first  to  notice 
the  remarkable  action  which  the  ammoniacal 
solution  of  cupric  oxide  exerts  on  cotton  fibre. 
He  found  that  cotton  is  completely  soluble  in 
the  liquid  obtained  by  dissolving  hydrated 
cupric  oxide  to  saturation  in  ammonia  of 
sp.  gr.  0*920  and  diluting  with  three  measures 
of  water.  On  neutralising  this  solution  with 
sulphuric  acid,  the  organic  matter  was  precipi- 
tated, and  the  latter  became  freed  from  copper 
by  an  excess  of  sulphuric  acid. 

When  a  piece  of  cotton  was  soaked  for 
one  minute  in  the  ammoniacal  solution  of 
cupric  oxide,  its  surface  became  changed  to  a 
gummy  or  mucous  substance,  which  could  be 
detached  from  the  unaltered  cloth,  of  a  fine 
purple  colour.  Excess  of  ammonia  did  not 
increase  the  effect,  showing  that  the  active 
agent  is  the  compound   of  ammonia  with 
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ciipric  oxide.  Tlie  solution  obtained  by  super- 
saturating solution  of  sulphate  of  copper  with 
ammonia  did  not  act  so  well  as  tliat  made  by 
dissolving  the  washed  precipitated  hydrate  in 
ammonia  water. 

A  piece  of  cotton  cloth  spotted  with  drops 
of  strong  solution  of  nitrate  of  copper,  and 
suspended  in  the  moist  state  in  ammoniacal 
gas,  showed  very  little  appearance  of  being- 
acted  on.  But  on  decomposing  the  nitrate  by 
dipping  the  spotted  cloth  in  cold  weak  caustic 
soda,  washing  and  partially  drying,  and  tlien 
exposing  to  ammoniacal  gas  for  a  night,  '  the 
cloth  was  fully  acted  on.'  In  a  similar  experi- 
ment, where  the  cupric  oxide  on  the  cloth 
was  brought  to  the  anhydrous  state  by  a 
boiling  heat,  and  treated  similarly  in  other 
respects,  '  the  cloth  was  scarcely  altered.' 

To  ascertain  the  effect  of  difference  of 
temperature.  Mercer  took  one  measure  of 
ammonia  of  sp.  gr.  0-920,  dissolved  in  it  the 
full  quantity  of  washed  hydrated  oxide,  and 
added  two  measures  of  water.  One  portion 
of  this  was  put  out  of  doors  on  a  frosty  night 
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and  the  otlier  warmed  to  100°  Falir.  On  dip- 
ping cotton  cloth  in  each  of  these  for  ten 
minutes,  the  cloth  in  the  cold  solution  '  was 
acted  on  very  powerfully,'  that  in  the 
warm  solution  '  was  scarcely  at  all  acted  on.' 
Mercer  observed  that  the  difference  between 
the  action  at  these  temperatures  is  even  more 
marked  than  in  the  case  of  soda. 

On  allowing  cotton  to  soak  for  a  night  in 
soda  liquor  of  30°  Tw.,  to  which  a  little  ammo- 
niacal  solution  of  the  oxide  had  been  added, 
the  cloth  was  found  to  have  absorbed  a  good 
deal  of  copper,  so  as  to  become  very  blue  and 
stiff,  but  not  gummy. 

"  On  relations  among  the  atomic  weights 
of  chemical  elements,  and  the  constitution  of 
chemical  compounds. — Among  the  theoretical 
subjects  which  occupied  Mercer's  thoughts  in 
some  of  his  spare  moments  was  the  grouping 
of  elementary  bodies,  and  the  relations  which 
exist  among  their  atomic  weights.  The  at- 
tention of  other  chemists  had  been  drawn  to 
the  same  subject,  but  Mercer  had  very  httle 
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acquaintance  with  their  views,  and  pursued  his 
inquiry  on  a  basis  of  his  own.  He  brought 
to  Hght  some  interesting  relationships,  not  be- 
fore recognised,  between  the  atomic  weights  of 
several  elementary  substances,  and  presented 
a  paper  on  this  subject  to  the  British  Associa- 
tion at  their  meeting  at  Leeds  in  1858.  The 
published  report  of  that  meeting  contains 
several  tables  showing  the  results  of  Mercer's 
calculations,  extracts  from  which  we  give  in 
the  Appendix  (§  XXII.). 

The  relative  position  of  ultimate  atoms  in 
compound  bodies  was  also  a  subject  which 
often  occupied  Mercer's  thoughts,  but  the 
notes  he  has  left  rather  show  the  difficulties 
he  realised  than  satisfactory  explanations  of 
that  mysterious  branch  of  chemical  philosophy. 
In  a  memorandum,  written  probably  in  1854, 
he  remarks :  '  I  have  at  times  thought  about 
the  arrangement  of  atoms,  but  my  conjectures 
are  not  so  plausible  probably  as  those  of 
Gmelin  ('  Handbook,'  vol.  vii.  p.  30,  Cavendish 
Soc).  Still  there  are,  to  my  mind,  difficulties 
in  his  arrangements.    For  instance,  in  his 
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arrangement  of  monobasic,  bibasic,  and  tri- 
basic  phosphates,  it  would  appear  as  if  the 
tribasic  was  the  most  compact  (and  therefore 
the  most  stable)  of  the  three,  whereas  it  is 
not  neutral,  but  strongly  alkaline.  The  same 
is  the  case  with  most  bibasic  and  tribasic 
salts.  Neutral  tartrate  of  potash,  and  tartrate 
of  potash  and  soda  (now  called  bibasic)  hold 
one  atom  of  base  so  feebly  that  acetic  acid  or 
almost  any  weak  acid  will  remove  one  atom. 
If  the  atoms  of  such  compounds  have  the 
compact  arrangement  which  Gmelin  suggests, 
then,  either  the  energy  with  which  they  are 
united  is  not  according  to  the  solidity  and 
compactness,  or  else  we  mistake  in  the  ar- 
rangement of  the  atoms.  ....  I  cannot  help 
thinking  that  all  bodies,  whether  considered 
to  include  a  nucleus  or  not,  must  have  two 
extremes,  corresponding  to  positive  and  nega- 
tive poles,  points  of  energy  and  attraction^ 
affecting  the  imponderable  atmosphere  which 
surrounds  the  ultimate  atoms.  And  when 
combination  takes  place,  altliough  the  affinities 
are  greatly  reduced  and  modified,  and  circum- 
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stances  may  prevent  one  or  both  from  being 
recognised,  yet  we  have  no  reason  to  suppose 
that  by  the  act  of  combination  both  affinities 
are  so  completely  satisfied  as  to  cease  to  exist. 
.  .  .  The  resulting  compound  has  chemical 
affinities,  and  may  have  a  condition  of 
polarity.' 
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CHAPTEE  XII. 

PHOTOGRAPHIC  EXPERIMENTS. 

I:^  a  letter  to  Dr.  Playfair,  written  in  May, 
1857,  Mercer  writes:  Tor  the  last  two  or 
three  years  I  have  occasionally  amused  myself 
with  making  photographic  experiments,  not 
as  an  artist,  but  rather  as  a  chemist.  Some 
of  my  results  are  interesting.  One  is  a  simple 
method  of  measuring  the  chemical  power  of 
the  solar  rays,  different  from  the  method  of 
Bunsen  noticed  in  the  "  Proceedings  of  the 
Eoyal  Society,"  Nos.  23  and  24.  I  considered 
it  not  worth  pubhshing,  but  when  I  read 
Bunsen's  I  thought  I  might  as  well  ask  you 
to  be  kind  enough  to  consider  mine.  If  you 
think  it  too  simple  to  be  worth  notice,  let  it 
sleep  ;  if  otherwise,  you  are  at  liberty  to  make 
it  known  in  any  way  you  think  proper. — 
J.  M.' 
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The  occasional  experiments  of  the  previous 
'  two  or  three  years,'  and  also  some  made 
subsequently,  will  form  the  principal  subject 
of  our  present  chapter.  But  we  find,  in  an 
old  memorandum-book,  a  brief  entry,  made 
so  far  back  as  the  year  1828,  which  may  be 
regarded  as  the  germ  of  all  his  subsequent  ex- 
periments on  this  subject,  namely:  'I  spotted 
a  piece  of  white  cotton  with  solution  of  per- 
nitrate  of  iron,  and  exposed  it  to  the  sun ;  on 
testing  it  afterwards  with  solution  of  red 
prussiate  of  potash  it  gave  a  blue,  but  it  gave 
no  blue  before  exposure.  This  is  worthy 
of  note.  I  have  not  seen  it  noticed  by  any 
chemical  writer.'  Several  years  afterwards, 
Mercer  introduced  the  use  of  peroxalate  of 
iron  at  Oakenshaw,  as  a  mordant  for  both 
woollen  and  cotton  goods,  and  then  observed 
the  susceptibility  of  decomposition  of  that 
compound  by  exposure  to  the  solar  rays  ;  the 
peroxalate  thereby  becoming  reduced  to  the 
protoxalate,  with  disengagement  of  carbonic 
acid.^  It  is  not  sufficiently  sensitive  to  be  used 

1  re2,30204  =  2re,C,04and2C02. 
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in  the  camera,  but  may  be  used  for  '  printing ' 
from  a  negative. 

Writing  to  Dr.  Playfair  in  December  1847, 
he  says : '  I  have  not  done  much  in  photography 
yet,  having  been  too  much  occupied  with 
otlier  things.  I  have,  however,  a  few  crotchets 
in  my  head  which  I  intend  to  try  sometime. 
One,  which  is  very  promising,  is  to  produce 
photographic  pictures  on  paper  and  on  fine 
cahco,  by  means  of  persalts  of  iron  and  red 
prussiate.  I  have  expected  something  from 
this,  but  I  now  find  that  Hunt  has  already 
made  the  same  suggestion.  I  found  that  if 
paper  or  cotton  cloth  is  smeared  with  a  solu- 
tion of  pernitrate  or  persulphate  of  iron  with 
certain  quantities  of  oxalic  and  tartaric  acids, 
dried  in  the  dark,  then  exposed  to  the  light 
(solar),  and  immediately  dipped  in  solution  of 
red  prussiate  containing  a  Jittle  free  sulphuric 
acid  (perfectly  free  from  yellow  prussiate), 
where  the  light  has  caused  deoxidation,  the 
blue  is  fixed,  and  where  the  peroxide  remains 
unchanged  there  is  no  colouf .  The  cloth  or 
paper  must  be  washed  immediately  in  water 
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containing  a  little  sulphuric  acid,  and  after- 
wards in  pure  water.  The  picture  is  a  reverse 
blue  print.  If  another  colour  is  required,  the 
blue  cloth  may  be  steeped  in  lime-water  or 
weak  caustic  alkah,  washed,  and  then  dyed  in 
gall-liquor  or  other  dyeing  infusion.' 

An  exposure  of  twenty  seconds  on  a  dull 
rainy  day  sufficed  to  produce  a  good  blue 
when  the  paper  was  passed  through  the  red 
prussiate  bath. 

Pressing  duties  at  the  Print  Works,  how- 
ever, compelled  him  to  postpone  further  ex- 
periments on  this  interesting  subject ;  and  the 
convenient  opportunity  for  resuming  them  did 
not  occur  until  October,  1854  He  then 
directed  his  attention  not  only  to  obtaining 
good  pictures  in  blue,  on  paper  and  cloth,  but 
(using  the  blue  as  a  basis)  to  obtain  other 
colours  by  a  variety  of  interesting  chemical 
reactions.  We  give  here  a  summary  of  his 
principal  results  and  conclusions,  and  in  the 
Appendix  a  description  of  some  of  his  latest 
processes.  At  first  he  employed  as  his  active 
photographic  material  a  mixture  of  pernitrate 
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of  iron  with  both  oxaUc  and  tartaric  acids ; 
but  afterwards  gave  the  preference  to  oxalate 
unmixed  with  tartrate,  which  he  prepared  by 
adding  nitric  acid  and  oxahc  acid  to  the  prot- 
oxalate  (see  Appendix).  The  addition  of 
perchloride  of  tin  was  found  to  impart  the 
peculiar  lustre  to  the  Prussian  blue  which  it 
does  in  the  ordinary  calico-printing  processes. 

The  paper,  having  been  cleansed  from 
all  ferruginous  and  deoxidising  material,  was 
impregnated  with  the  iron  solution,  dried  and 
exposed  for  printing,  and  afterwards  treated 
with  red  prussiate  solution  in  the  manner 
indicated  in  the  letter  above  quoted,  and  more 
fully  described  in  the  Appendix. 

In  continuing  his  experiments.  Mercer 
operated  on  fine  mercerised  cotton  as  well 
as  paper,  the  former  being  better  suited  for 
producing  other  colours  by  means  of  various 
chemical  agents.  His  earliest  attempts  in  this 
direction  were  of  the  kind  alluded  to  in  the 
above  letter  ;  consisting,  that  is,  in  the  decom- 
position of  the  Prussian  blue  on  the  cloth  or 
paper  by  lime  or  an  alkali  with  production  of 
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oxide  of  iron,  and  the  fixation  thereon  of 
various  colouring  matters  from  the  ordinary- 
dyeing  materials.  For  this  purpose  he  em- 
ployed fresh  clear  infusions  of  galls,  valonia, 
quercitron  bark,  sumac,  &c.,  made  with  boil- 
ing water.  The  paper  or  cloth  was  dyed  at  a 
temperature  of  from  120°  to  130°  Fahr.,  and 
afterwards  soaked  in  weak  acetic  acid.  Infu- 
sion of  galls  with  a  little  logwood  gave  a  nice 
black.  It  was  not  Mercer's  practice  to  dis- 
charge the  Prussian  blue  in  all  cases  before 
dyeing  the  cloth  with  a  vegetable  colouring 
matter.  In  dyeing  it  with  madder  to  obtain 
a  purple  picture,  which  he  made  the  subject  of 
numerous  experiments,  he  preferred  to  allow 
the  blue  to  remain  until  the  cloth  was  dyed.^ 

By  various  ingenious  devices  he  succeeded 
in  producing  a  great  number  of  transformations 
on  the  exposed  paper  or  cloth,  and  thus  ob- 
tained pictures  in  a  variety  of  pleasing  tints. 
When  not  intended  for  dyeing  with  galls  or 

^  A  description  of  his  latest  process  for  obtaining  madder- 
purple  photographic  pictures  on  cloth  will  be  found  in  the 
Appendix. 


Q 


226  LIFE  OF  JOHN  MERCER. 


similar  dyeing  materials,  his  usual  practice 
was  to  soak  the  paper  or  cloth,  immediately- 
after  the  exposure,  in  a  solution  of  arseniate 
of  soda,  whereby  the  soluble  oxalates  are  re- 
placed by  corresponding  arseniates,  insoluble 
in  water  but  soluble  in  acids,  and  the  paper 
is  no  longer  sensitive.  In  the  acid  solution  of 
red  prussiate  the  ferric  arseniate  dissolves, 
and  the  ferrous  arseniate  gives  place  to  a 
ferricyanide.  Besides  the  transformations  of 
Prussian  blue  already  mentioned,  two  others 
may  be  noticed,  namely — one  by  means  of  an 
ammoniacal  solution  of  cupric  oxide  (saturated), 
which  gives  a  fine  purple  blue  picture  ;  and 
another  by  soaking  the  blue  paper  in  acid 
solution  of  nitrate  of  silver,  whereby  the 
Prussian  blue  is  replaced  by  ferrocyanide  of 
silver.  By  means  of  the  latter  compound 
Mercer  obtained  pictures  on  paper  in  various 
colours,  including  purple  of  cassius,  for  a 
description  of  which  we  must  refer  the  reader 
to  the  Appendix. 

Interesting  results  were  also  obtained  by 
substituting  for  the  red  prussiate  developing 
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bath  a  mixture  of  a  cupric  salt  with  sulpho- 
cyanide  of  potassium,^  which  afforded,  where- 
ever  it  came  into  contact  with  the  protoxalate 
or  corresponding  arseniate,  a  dense  white 
deposit  of  cuprous  sulphocyanide.  All  the 
iron  compounds  were  then  removed  by  soak- 
ing the  paper  or  cloth  in  weak  sulphuric 
acid,  in  which  the  cuprous  sulphocyanide  is 
insoluble.  By  means  of  that  substance,  as 
another  basis,  several  other  metallic  com- 
pounds, possessed  of  colour,  were  fixed  on 
the  paper  or  cloth,  of  which  the  following  are 
examples. 

1.  Pictures  in  the  brown  red  of  ferrocy- 
anide  of  copper  were  obtained  by  soaking  the 
paper  in  a  mixed  solution  of  red  prussiate  of 
potash  and  sal-ammoniac.  The  transformation 
proceeds  gradually,  and  the  shades  are  at 
length  well  developed.  The  ferrocyanide  of 
copper  afforded  another  means  of  obtaining 
the  ferrocyanide  of  silver,  by  soaking  the 

*  The  mixture  preferred  by  Mercer  for  this  purpose  con- 
tained copper  in  the  state  of  tartrate  of  copper  and  soda,  with 
a  little  excess  of  soda,  at  a  temperature  of  160°  Fahr.  For 
his  method  of  preparing  this,  see  Appendix. 

Q  2 
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paper  in  solution  of  nitrate  of  silver  and 
afterwards  in  dilute  nitric  acid. 

2.  By  adding  a  little  ferric  salt  to  the  red 
prussiate  bath,  a  mixed  deposit  was  obtained 
of  ferrocyanide  of  copper  and  Prussian  blue, 
giving  a  colour  similar  to  logwood  purple. 

3.  By  soaking  the  cuprous  sulphocyanide 
paper  in  a  solution  of  stannous  arseniate  in 
tribasic  arseniate  of  soda,  washing  in  water, 
and  then  soaking  for  some  time  in  neutral 
dilute  chloride  of  gold,  finishing  with  dilute 
hydrochloric  acid  and  water,  it  afforded  a 
picture  of  fine  dark  purple  of  cassius. 

4.  A  picture  which  he  describes  as  •  still 
more  beautiful '  than  the  preceding  was  ob- 
tained by  soaking  the  cuprous  sulphocyanide 
paper  in  dilute  neutral  nitrate  of  silver,  then 
clearing  in  dilute  ammonia,  soaking  in  the 
above  stannous  solution,  washing,  drying,  and 
aging  one  day,  and  then  steeping  in  dilute 
chloride  of  gold  with  excess  of  acid. 

At  the  meeting  of  the  British  Association 
at  Leeds,  in  1858,  Mercer  exhibited  a  number 
of  these  coloured  photographs,  some  on  paper, 
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others  on  cambric,  and  gave  a  brief  account  of 
his  processes.  The  subject  excited  consider- 
able interest,  and  his  friends  pressed  him  to 
continue  the  experiments.  A  professional 
photographer,  in  acknowledging  some  speci- 
mens presented  to  him  by  Mercer,  says :  '  I 
have  never  in  any  kind  of  paper  photography 
seen  anything  so  beautiful  as  the  Prussian  blue 
seems  in  softness  and  gradation.  If  there  is 
any  method  of  getting  the  right  tone  in  black 
from  the  Prussian  blue,  it  would  be  all  that 
can  be  desired,  and  far  superior  to  anything 
at  present  knov^rn.  The  madder  purples  on 
cloth  are  very  rich  in  colour,  and  one  of  them 
is  remarkably  delicate,  which  shovv^s  what  the 
process  is  capable  of,'  Having  sent  some 
specimens  of  his  photographs  on  cambric  to 
the  Photographic  Society  of  Vienna,  Mercer 
received  from  the  secretary  of  that  Society  a 
letter  of  thanks,  expressing  the  great  admira- 
tion which  his  photographs  elicited  in  Vienna, 
and  the  request  that,  if  agreeable  to  him,  his 
processes  might  be  published  in  the  Society's 
journal.    He  pursued  his  photographic  ex- 
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periments  occasionally,  but  no  further  account 
of  them  was  published.  From  his  memoranda, 
however,  we  are  enabled  to  extract  and  place 
on  record  his  principal  observations,  which 
will  be  found  in  the  Appendix. 

At  the  same  meeting  of  the  British  As- 
sociation Mercer  also  showed  how  paper 
impregnated  with  the  ferric  oxalate  might  be 
used  as  an  actinometer.  It  was  to  this  he 
referred  in  a  letter  already  quoted,  written  to 
Dr.  Playfair  in  May,  1857  (p.  220).  In  the 
meantime,  however,  a  similar  suggestion  had 
been  published  by  Dr.  Draper.  Mercer's  plan 
consisted  simply  in  placing  a  slip  of  the  pre- 
pared peroxalate  paper  between  the  leaves  of 
a  book,  and  pulling  it  out  half  an  inch  at  a 
time  every  five  seconds.  After  '  raising '  in 
the  red  prussiate  bath  it  could  be  compared 
with  a  graduated  standard. 
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CHAPTEE  XTII. 

LECTUKES  AT  CLAYTOJ^-LE-MOOES — HIS  VIEWS 
ON  SOME  PHYSICAL  SUBJECTS. 

It  was  not  often  that  Mercer  complied  with 
requests  sometimes  made  to  him  to  give  a 
public  audience  the  gratification  of  hearing 
him  deliver  a  lecture,  though  he  delighted  in 
bringing  forth  out  of  his  own  '  treasure  things 
new  and  old  '  for  the  edification  of  all  with 
whom  he  came  in  contact ;  but  it  was  more 
congenial  to  him  to  do  this  in  his  own  quiet 
way,  by  his  fireside,  than  to  appear  as  a 
lecturer  in  public.  Sometimes,  however,  he 
consented  to  deliver  popular  lectures  at  Clay- 
ton-le-Moors  on  subjects  adapted  to  his 
audience,  embracing  the  atmosphere,  water, 
food  and  aliments,  and  the  chemical  changes 
which  occur  in  vegetable  and  animal  life. 


232  LIFE  OF  JOHN  MERCER. 


The  notes  he  has  left  of  these  discourses  show 
that  he  always  kept  two  objects  prominently 
in  view — first,  to  exemplify,  by  natural 
phenomena,  the  power,  wisdom,  and  benefi- 
cence of  God  ;  and  secondly,  to  take  every 
opportunity  of  giving  useful  practical  advice, 
especially  in  matters  connected  with  bodily 
health.  The  harmonious  adaptations  of  the 
various  forces  in  nature  to  produce  certain 
desirable  results,  the  universal  law  that  every 
force  has  its  purpose  to  fulfil,  and  every  sub- 
stance its  position  to  occupy  and  influence  to 
exert,  with  a  view  to  '  one  harmonious  whole,' 
were  subjects  which  he  tried  to  impress  upon 
his  audience.  These  he,  of  course,  dealt  with 
in  the  elementary  way  suitable  to  his  hearers  ; 
but  now  and  then  he  gave  expression  to  in- 
teresting thoughts,  the  outcomings  of  his  own 
meditation,  and  therefore,  so  far  as  he  was 
aware,  original ;  some  of  which  we  may  here 
notice. 

After  dwelling  on  the  exact  suitability  of 
our  atmosphere  to  our  requirements,  in  com- 
position, weight,  and  other  properties,  '  so 
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beautifully  and  wonderfully  adjusted  and 
adapted  to  our  present  wants  as  to  produce 
in  us  astonishment  and  admiration,'  he  re- 
marked that  the  earth  was  once  surrounded 
by  a  very  different  atmosphere.  In  all  pro- 
bability the  atmosphere  of  the  preadamite 
world  at  one  time  contained  an  enormous 
excess  of  carbonic  acid  gas,  in  which  only 
the  lowest  forms  of  animal  life  could  exist. 
But  certain  vegetables  grew  then  most 
luxuriantly,  and  became  the  means  not  only 
of  purifying  the  air  and  rendering  it  fit 
afterwards  for  human  life,  but  also  of  trans- 
ferring the  carbon  from  the  air  to  the  earth, 
and  laying  up  a  store  of  the  invaluable 
mineral  that  now  contributes  so  largely  to 
our  comforts  and  prosperity.  He  dwelt  on 
the  importance  of  pure  dry  air  as  an  exhila- 
rant ;  and  remarked  that  by  a  slight  altera- 
tion of  the  composition  and  properties  of  the 
air  we  breathe  our  lives  might  be  made  a 
grievous  burden.  The  nitrogen  of  the  air 
he  called  the  principal  mechanical  agent, 
oxygen  the  principal  chemical  agent,  and 
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carbonic  acid  the  agent  for  building  up, 
first,  vegetables,  and  thereby,  indirectly, 
animals.  The  air  is  the  first  external  agent 
essential  for  maintaining  the  life  of  the  new- 
born infant.  The  functions  of  vegetables  in 
transforming  inorganic  bodies  of  simple  con- 
stitution into  complex  materials  adapted  for 
producing  blood  (which  Mercer  called  'the 
whole  man  in  solution,  and  his  life')  were 
made  occasions  of  illustrating  the  wisdom 
and  goodness  of  the  Almighty  Designer. 

When  describing  the  change  of  arterial  to 
venous  blood,  he  remarked  that  '  as  chemical 
action  in  a  galvanic  battery  developes  elec- 
tricity, so  the  chemical  action  which  takes 
place  in  the  capillaries  produces  not  only 
heat,  but  also  another  force  which  is  capable 
of  being  collected  by  the  nerves.  These  (the 
nerves)  I  may  compare  to  the  wires  of  the 
galvanic  battery.  They  collect  this  force 
and  convey  it  to  the  centre  of  sentient  and 
motor  influence.'  When  lecturing  on  food 
he  took  the  opportunity  of  giving  to  his 
younger  friends  a  word  of  advice  respecting 
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the  preservation  of  their  teeth.  '  If  you  wish 
to  keep  your  teeth  in  good  condition,  give 
them  hard  usage ;  press  them  well  down 
into  their  sockets  so  as  to  keep  good  contact 
and  circulation.  For  this  purpose  there  is 
no  food  better  than  our  hard  oat-cake  and 
crusts.  People  who  accustom  themselves  to 
soft  food  soon  have  no  teeth  for  anything 
else.'  Another  word  of  practical  advice  in 
the  same  lecture  relates  to  the  nutritive  value 
of  skimmed  milk,  which  some  persons  are  apt 
to  overlook.  '  Although  the  most  agreeable 
constituent  of  the  milk  has  been  removed,  the 
skimmed  milk  is  not  to  be  lightly  esteemed  ; 
since  a  quart  of  it  contains  as  much  nitro- 
genous aliment  (in  the  form  of  casein)  as 
about  half  a  pound  of  moist  flesh ;  besides 
saccharine  matter  and  wholesome  saline  in- 
gredients.' 

We  may  take  this  opportunity  of  noticing 
Mercer's  views  on  some  physical  subjects, 
which  we  obtain  from  his  memoranda  and 
letters.    Though  not  now  possessing  novelty, 
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they  are  interesting  illustrations  of  his  inde- 
pendence of  thought,  and  of  his  habit  of 
looking  beneath  the  familiar  surface  of  things 
to  the  occult  interior. 

'  In  the  various  phenomena  taking  place 
around  us  we  see  that  the  potent  agencies  or 
forces  of  this  world,  as  gravitation,  electricity, 
chemical  affinity,  heat,  light,  and  even  mag- 
netism, are  nearly  all  concerned  to  a  greater 
or  less  extent.  In  the  living  animal  and 
vegetable  there  are  also  secondary  forces  de- 
pendent on  organic  structure.  Like  a  com- 
plex mathematical  process,  in  which  every 
number  has  its  influence  on  the  product,  so 
these  various  forces  operate,  sometimes  har- 
moniously, sometimes  apparently  antagonisti- 
cally, modifying  the  result. 

'  Such  forces  produce  different  physical 
qualities,  which  may  vary,  to  some  extent,  in 
the  same  substance  under  different  circum- 
stances, without  interfering  with  identity. 
Thus  weight  or  mass,  as  determined  by  gra- 
vitation, is  only  a  quality  or  expression  of 
relative  force  between  different  bodies,  with- 
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out  anything  positive  as  to  real  solidity,  or 
what  we  understand  by  the  expression  "mass." 
The  weight  of  a  body  varies  according  to 
circumstances.^  Herein  we  perceive  the 
essential  difference  between  gravitation  and 
chemical  affinity.  The  property  possessed 
by  certain  bodies  of  uniting  chemically  in 
certain  definite  proportions  is  inherent  and 
essential  under  all  circumstances.  It  estab- 
lishes identity.'  Mercer  regarded  chemical 
affinity  as  '  probably  a  surface  power,  closely 
related  to  or  dependent  upon  the  shapes  of 
the  ultimate  particles.  When  the  forms  of 
two  or  more  bodies  admit  of  their  combining 
compactly,  the  resulting  compound  exhibits 
nothing  whatever  of  the  chemical  qualities 
of  its  constituents  ;  it  is  devoid  of  marked 
chemical  quahties.' 

In  a  note  on  gravitation,  Mercer  suggests 
that  the  gravitic  influence  may  be  dispersed 
throughout  space  by  means  of  the  ethereal 

^  And  the  same  change  of  circumstances  may  affect  the 
weight  of  one  body  without  affecting  that  of  another.  A 
pound  of  iron,  for  example,  will  appear  to  weigh  more  than  a 
pound  if  weighed  over  a  magnet. 
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medium  in  the  same  way  as  light  and  heat 
[i.e.  by  undulation).  '  Strictly  speaking, 
distance  causes  no  diminution  of  the  force  of 
gravitation :  the  same  amount  of  force  exists, 
but  it  is  diffused  over  a  larger  area ;  and  if  it 
could  be  concentrated,  it  would  have  the 
same  power,  however  great  the  distance.' 

Under  the  head  '  Sources  of  Heat,'  he 
remarks  that  '  combustion,  friction,  frictional 
electricity,  galvanic  electricity,  and  chemical 
action  may  all  be  resolved  into  friction  or 
motion.^  The  influences  we  derive  from  the 
sun  are  also  produced  through  motion.  It 
is  probable  that  around  the  body  of  the  sun 
there  is  a  distinct  shell  of  highly  electric 
matter  in  a  state  of  intense  agitation,  and  that 
the  shell  moves  round  the  internal  sphere. 
The  force,  as  it  exists  in  the  sun,  may  be  of  a 
character  different  from  anything  we  are  now 
acquainted  with.  We  have  no  proof  that  it 
is  either  light  or  heat  when  it  leaves  the  sun  ; 
but  the  phenomena  of  light  and  heat  take 

^  This  observation  was  made  by  Mercer  long  before  the 
kinetic  theory  had  attracted  much  attention. 
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place  when  the  emissions  (from  electric  or 
other  source)  enter  our  atmosphere ;  like 
the  meteorite  which  then  becomes  luminous 
.  .  .  .  Not  only  heat,  light,  and  chemical 
action,  but  electricity  and  magnetism,  and 
probably  other  forces,  are  produced  on  the 
earth  by  the  influence  of  the  sun.  This  is  a 
mysterious  subject ;  but  the  greatest  mystery 
of  all  is  the  maintenance  of  solar  heat  and 
light,  without,  so  far  as  we  can  ascertain,  any 
appearance  of  diminution.' 
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CHAPTER  XIV. 

HIS  VIEWS  ON  TECHNICAL  EDUCATION. 

A  MOVEMENT  having  been  made  with  the  object 
of  establishing  technical  chemical  schools  in 
this  country,  Mercer  was  requested  to  give 
the  promoters  his  views  on  the  subject.  His 
answer  related  chiefly  to  the  connection  of 
his  own  art  with  chemical  education.  Though 
written  in  1853,  it  contains  observations  which 
are  worthy  of  reproduction.  '  I  entirely 
concur  with  you,'  he  observed,  '  that,  for  the 
preservation  and  benefit  of  the  British  arts 
and  manufactures,  the  masters,  managers,  and 
skilled  artisans  ought  to  be  better  instructed 
in  the  rationale  and  scientific  principles  in- 
volved in  their  operations.  Chaptal  remarked 
that  "practice  is  better  than  science"  [i.e. 
abstract  principles),  "  but  when  it  is  necessary 
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to  solve  a  problem,  to  explain  some  phe- 
nomenon, or  to  discover  some  error  in  the 
complicated  details  of  an  operation,  the  mere 
artisan  is  at  the  end  of  his  knowledge,  he  is 
totally  at  a  loss,  and  would  derive  the  greatest 
assistance  from  men  of  science."  Probably 
no  person  would,  from  his  own  experience, 
confirm  the  above  remark,  as  regards  the  art 
of  calico-printing,  more  heartily  than  myself. 
When  I  became  connected  with  calico-printing 
in  1818,  the  only  printing  firms  in  this  country 
who  employed  a  man  possessing  a  knowledge 
of  chemistry  were  the  Thompsons  of  Clitheroe 
and  the  Hargreaves  of  Accrington.  I  had 
begun  to  study  chemistry,  and  pursued  it 
diligently.  The  practical  applications  I  was 
enabled  to  make  proved  of  great  advantage 
to  our  firm,  and  conduced  to  prosperity  up  to 
the  time  of  dissolution  of  our  partnership.' 

Although  the  importance  of  having  an 
educated  chemist  at  print-works,  chemical 
works,  and  bleach-works  was  then  generally 
recognised,  yet  Mercer  considered  that,  at 
the  time  he  wrote,  there  was  great  room 
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for  improvement,  and  oftentimes  much  loss 
through  spoilt  goods  or  bad  work  was  the 
result  of  imperfect  acquaintance  with  the 
chemical  principles  of  the  operations.  He 
observed  that, '  as  regards  good  practical  men, 
no  district  could  excel  Lancashire  ;  but  in  all 
the  process,  from  the  grey  piece  to  the  finished 
print,  embracing  thirty  to  forty  operations, 
both  the  science  and  practical  experience 
of  the  cleverest  are  requisite  to  keep  all 
things  straight  and  to  detect  the  cause  of, 
and  rectify,  mishaps.' 

The  want  of  chemical  knowledge  was  most 
obvious  among  the  managers  of  smaller  works 
of  the  kind  referred  to.  '  I  might  give,' 
wrote  Mercer,  '  many  amusing  cases  of  mis- 
judgment  and  misconstruction,  bad  and  spoilt 
work,  from  ignorance  even  of  first  principles. 
Let  one  sufiice.  I  once  met  with  a  blue  dyer 
who  was  exuberant  at  having  obtained  a 
supply  of  copperas  admirably  suited  to  his 
operations.  He  showed  me  what  an  excellent 
blue  vat  he  had  made  with  this  copperas.  He 
then  showed  me  his  highly  prized  copperas. 
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It  looked  like  a  mass  of  iron-rust.  Scarcely 
half  of  it  could  have  been  effective  for  de- 
oxidising. I  then  told  him  to  make  another 
vat,  for  comparison,  with  pale  bluish-green 
copperas,  and  use  only  half  the  quantity  he 
had  used  of  the  rusty.  The  fact  was  he  had 
been  accustomed  to  use  double  the  proper 
quantity  of  copperas,  so  that  when  he  got 
the  rusty  copperas  his  error  was  avoided. 
Similar  mistakes  are  of  every-day  occurrence 
to  a  greater  or  less  extent.  An  amusing 
volume  might  be  written  about  ludicrous 
mistakes,  and  equally  ridiculous  attempts  to 
rectify  them.' 

'  I  do  not  consider,'  he  continues,  '  that 
the  present  chemical  schools  are  well  adapted 
for  the  sons  of  print-masters,  managers  and 
colourmen.  During  the  two  or  three  years 
they  can  spare  for  such  training  they  ought 
to  receive  instruction  not  only  in  general 
principles,  but  in  subjects  related  to  their 
intended  labour  in  the  future.  They  should 
be  fully  instructed  in  the  nature  of  the  various 
substances  used  in   their  arts.     If  this  is 

R  2 
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neglected,  and  other  novel  and  more  interest- 
ing subjects  pursued,  the  young  man  re- 
turns to  the  print-works  unprepared  for  his 
intended  occupation,  and  brings  both  himself 
and  his  school  into  disrepute  among  practical 
men. 

'  I  do  not,  however,  undervalue  abstract 
chemistry.  I  am  well  aware  that  from  that 
source  we  have  derived  many  of  our  most 
important  improvements  in  the  arts.  But  I 
maintain  that,  in  the  limited  time  the  young 
man  of  the  class  referred  to  generally  has  for 
study,  he  should  be  initiated  in  such  principles 
as  he  can  apply  at  once.,  and  leave  to  his 
future  and  higher  progress  the  attempts  to 
discover  new  applications.  I  remember  the 
case  of  a  son  of  a  manager  of  print-works 
who  was  sent  to  one  of  the  chemical  schools 
to  prepare  himself  for  a  situation  in  the  print- 
works. While  there,  instead  of  applying 
himself  to  subjects  connected  with  printing 
and  dyeing,  he  took  up  other  subjects,  and 
wrote  a  paper  on  building  materials.  On  his 
return  to  the  print-works  the  principal  ex- 
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pressed  his  dissatisfaction  and  declined  his 
services. 

'  The  majority  of  managers  and  colour- 
men  in  print-works,  being  practical  only,  are 
so  jealous  of,  and  offer  such  decided  opposition 
to,  "  the  chemical  man,"  as  they  term  him, 
that  the  principal  is  compelled  to  give  way 
when  sometimes  he  would  gladly  engage  such 
a  person.  A  case  of  this  kind  which  occurs 
to  me  was  that  of  a  young  man  named 
Fletcher,  who  came  to  visit  me  from  one  of 
the  chemical  schools  of  London,  with  the 
object  of  obtaining  a  situation  in  print-works. 
I  endeavoured  to  obtain  a  situation  for  him, 
and  he  himself  tried  at  various  places,  but  all 
failed  through  the  opposition  of  the  managers 
or  colourmen.  Yet  this  young  man,  in  my 
estimation,  was  one  as  hkely  to  succeed  in  a 
chemical  or  print-works  as  any  I  ever  met 
with.  He  saw,  to  his  regret,  that  his  chemical 
education  at  the  school  had  not  been  suffi- 
ciently directed  to  the  situation  he  sought  to 
fill.  The  young  men  who,  having  had  judicious 
training,  would  find  no  opposition  to  their 
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appointment  are  the  sons  of  masters,  managers 
and  colourmen.  But  at  present  they  have  no 
suitable  schools  where  they  can  obtain  the 
special  instruction  desirable  to  fit  them  for 
their  future  work. 

'  It  appears  to  me  that  the  time  is  come 
when  something  ought  also  to  be  done  to  give 
the  rising  generation,  generally,  more  instruc- 
tion in  rudimentary  scientific  subjects  than  is 
afforded  in  our  ordinary  country  schools. 

'  Of  proper  technical  schools  there  ought 
not  to  be  many  ;  say  one  at  Manchester,  one 
at  Leeds,  another  at  Sheffield,  and  another  at 
Glasgow ;  with  a  central  parent  school  in 
London.  These  would  be  quite  sufficient ; 
each  of  the  country  schools  should  have  a 
speciality,  and  in  that  take  precedence  of  the 
others.' 

In  some  of  the  preceding  observations 
there  is  reference  to  the  want  of  harmony 
which  sometimes  existed  between  the  prac- 
tical man  and  the  scientific.  Doubtless  there 
is  izx  less  of  this  at  the  present  day  than  there 
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was  thirty  years  ago.  When  circumstances 
admit  of  its  application  to  chemical  arts,  true 
science  is  always  practical ;  that  which  is  not 
practical  can  hardly  be  called  scientific.  But 
in  ail  such  industries  a  vast  number  of  useful 
practices,  especially  in  details,  have  been 
learned  by  long  experience,  instead  of  by 
the  application  of  science ;  some  of  which 
even  now  are  not  satisfactorily  explained 
on  scientific  principles  ;  but  experience  has 
proved  them  to  be  advantageous.  While,  on 
the  one  hand,  the  practical  man  has  often 
erred  in  attaching  too  little  importance  to 
scientific  explanations  and  improvements,  the 
scientific  man,  on  the  other,  may  sometimes 
have  erred  in  attaching  too  little  importance 
to  useful  practices,  the  scientific  accuracy  of 
which  he  may  not  yet  perceive. 

In  the  present  day,  however,  the  absolute 
necessity  of  the  application  of  science  in  such 
arts  is  so  fully  recognised,  that  we  may  con- 
sider the  discordance  referred  to  by  Mercer 
has  almost  disappeared. 
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CHAPTER  XY. 

'THOUGHTS  OlS"  MOULD,'  AND  PREPAEATIOE'S 
FOR  THE  CHOLERA, 

Some  interesting  '  thoughts  on  monld '  which 
we  find  in  Mercer's  memoranda,  and  in  a 
letter  which  he  wrote  to  Dr.  Playfair  in 
1843,  must  not  be  overlooked.  His  attention 
was  particularly  directed  to  this  subject  by 
serious  damage  having  occasionally  occurred 
through  mildew  to  extensive  shipments  of 
printed  calicos  made  by  the  Oakenshaw  firm 
to  South  America,  which  caused  the  dis- 
charge of  the  colours  during  the  voyage. 
After  some  investigation,  Mercer  came  to  the 
conclusion  that  the  mildew  was  closely  con- 
nected with  the  quality  of  the  starch  used 
for  stiffening  ;  badly  prepared  starch,  which 
retained  a  little  gluten,  being  much  more 
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productive  of  mildew  than  well-made  starch, 
free  from  gluten.  He  made  a  large  number 
of  samples  of  starch-paste  containing  different 
proportions  of  gluten,  and  allowed  them  to 
stand  for  several  days  in  shallow  earthen 
pots,  covered,  but  not  air-tight.  In  the 
samples  which  contained  most  gluten  mould 
appeared  in  four  days,  other  samples  stood 
free  from  mould  for  a  longer  time,  up  to  nearly 
a  fortnight,  in  the  reverse  order  of  their  pro- 
portion of  gluten. 

Of  the  various  substances  with  which 
Mercer  experimented  in  order  to  discover  a 
suitable  preventive  of  mould  in  the  printed 
calicos  during  a  long  voyage,  he  considered 
bichromate  of  potash  to  be  the  most  con- 
venient and  effective.  By  using  the  best 
starch,  and  adding  a  little  bichromate,  no 
further  inconvenience  was  experienced. 

Having  surmounted  the  technical  diffi- 
culty, most  people,  probably,  would  have 
allowed  the  matter  to  drop,  or  thought  little 
more  about  it.  But  Mercer's  observations  led 
him  to  contemplate  a  wider  field,  although 


250  LIFE  OF  JOHN  MERCER. 

pressing  duties  at  the  print-works  at  this 
season  prevented  him  from  doing  more  than 
giving  his  thoughts  and  suggestions  to  others. 
He  was  much  impressed  by  two  of  his  experi- 
mental observations,  which  were  these  :  When 
a  solution  of  pure  tartaric  acid,  in  distilled 
water,  after  being  boiled,  is  allowed  to  stand 
for  some  time  in  a  vessel  not  absolutely  air- 
tight, mould  at  length  makes  its  appearance 
on  the  surface.  Mercer  rightly  concluded 
that  in  such  a  case  the  originating  fungoid 
germ  (which,  no  doubt,  contains  nitrogen  as 
well  as  carbon  and  hydrogen)  must  have  been 
floating  about  in  the  air,  and  thus  obtained 
access  to  the  tartaric  acid.  He  also  noticed 
that  in  the  experiments  above  referred  to, 
with  starch-paste,  the  mould  in  the  various 
pots  did  not  appear  to  be  uniform  ;  in  some  it 
was  of  a  greenish  colour  ;  in  others,  yellow ; 
and  in  others,  red  ;  suggesting  the  thought 
that  there  might  have  been  a  variety  in  the 
germs  derived  from  the  air. 

Writing  on  this  subject  to  Dr.  Playfair, 
Mercer  asks  :  '  K  starch-paste,  immediately 
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after  being  boiled,  were  placed  within  a  bell- 
jar  containing  air  which  had  been  passed 
through  oil  of  vitriol,  or  through  earthen 
pipes  heated  to  whiteness,  would  moulding  or 
any  such  action  take  place  then  ?  Mould  seems 
to  be  a  species  of  vegetable  ;  is  it  not  ?  I  am 
not  acquainted  with  anything  written  on  this 
subject.  Are  there  many  different  kinds  of 
mould  ?  If  it  be,  as  I  suppose,  a  vegetation, 
there  must  have  been  a  germ.  Must  not  this 
have  been  supplied  by  the  air  ?  It  would 
be  interesting  to  ascertain  whether  starch  or 
fiour-paste,  well  boiled  to  destroy  any  ready- 
formed  ferment  or  diastasic  substance,  would 
afford  mould  in  an  atmosphere  deprived  of  all 
organic  germs.  If  nothing  of  the  kind  ap- 
peared, then  I  would  admit  air  from  a  fever 
room,  or  other  infected  atmosphere,  or  put  in 
infected  clothing,  or  a  little  saliva,  blood,  or 
discharge  from  a  person  having  an  infectious 
disease,  to  ascertain  whether  anything  like 
mould  would  then  be  produced,  and  whether 
such  mould  would  present  differences  when 
derived  from  different  diseases.     A  simple 
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method  of  trying  this  would  be  to  daub  a 
piece  of  board  or  paper  with  paste  and  ex- 
pose it  over  the  sick  person  or  in  an  infected 
place,  then  scrape  off  the  paste  and  put  it 
aside  in  the  pots.  Or  charge  the  pots  with 
paste  and  put  them  in  a  small  perforated  tin 
box  or  cage,  to  be  kept  for  a  little  while  in 
the  unhealthy  place,  and  afterwards  in  a  con- 
venient place,  to  see  what  mould  appears.  I 
keep  my  pots  in  a  rather  confined  place,  pro- 
tected from  direct  sunlight.  I  am  occupied 
a  little  with  these  things  at  present,  but  I 
despair  of  doing  much,  owing  to  the  pressure 
of  my  business.  I  should  like  to  add  to  the 
starch  when  cold  a  little  of  the  virus  from 
small-pox ;  scurf  from  ring-worm  heads ; 
saliva,  blood  and  urine  from  fever  patients, 
&c.,  to  see  if  I  can  discover  any  difierence  in 

the  mould  produced  The  deleterious 

matter  in  infected  air  must,  I  think,  be  a  nitro- 
genous body,  and  at  least  as  highly  organised 
as  ferment  and  that  class  of  substances.  It 
may  have  the  structure  of  a  low  vegetable  or 
an  animal.    And  even  though  starch  fails  to 
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show  a  peculiar  mould,  yet  other  substances 
may  be  found  suitable  for  the  purpose.  The 
subject  is  worthy  of  careful  experiment.  .  .  . 

'We  had  our  Whalley  meeting  at  the 
usual  time,  but  it  passed  off  with  very  little 
that  was  interesting.  We  wanted  the  Lyon  of 
the  former  meetings. 

'  Yours  truly, 

'JoHiV  Mercer.' 

Surely  these  '  thoughts  on  mould  '  of 
Mercer's,  written  in  1843,  derived  wholly 
from  his  observation  of  the  few  facts  here 
recorded,  may  be  called  a  thought-germ^  which, 
in  a  congenial  environment,  would  not  have 
taken  long  to  develop  the  microbe  doctrine 
of  disease  enunciated  many  years  afterwards 
by  Professor  Pasteur,  Dr.  Koch  and  others. 
But,  obviously,  the  congenial  environment  was 
not  to  be  found  at  Oakenshaw.  It  must  have 
included  the  physician,  the  microscopist  and 
the  naturalist.  Hence  we  find  no  further 
reference  by  Mercer  to  the  subject.  It  will 
be  scarcely  necessary  to  remark  that  Mercer 
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was  unaware  that  a  similar  idea  as  to  the 
origin  of  some  diseases  had  just  before  been 
suggested  by  Sir  Henry  Holland. 

As  somewhat  connected  with  the  same  sub- 
ject, we  may  here  notice  some  contents  of  ano- 
ther letter  which  Mercer  wrote  to  Dr.  Playfair 
a  few  years  later  (1847),  when  fears  were  en- 
tertained in  this  country  of  the  approach  of 
the  cholera.  Dr.  Playfair  had  been  appointed 
on  the  Commission  of  Health  of  Towns. 

Mercer  writes  :  '  Do  the  functions  of  your 
Commission  extend  to  inquiry  into  the  pre- 
vention of  the  cholera?  You  see  it  is  ap- 
proaching. Are  there  any  meetings  of 
medical  and  other  scientific  men  to  discuss 
the  best  means  of  resisting  it  when  it  has 
come?  There  ought  to  be  such  discussions 
now,  while  they  may  be  held  deliberately. 
All  will  be  hurry  and  bustle  when  the  disease 
arrives,  and  the  people  will  be  dying.  At 
the  previous  visitation  of  the  cholera  in  this 
country,  scarcely  any  preparations  were  made 
to  resist  it,  and  there  was  great  diversity  of 
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opinion  as  to  the  best  mode  of  treating  the 
disease.  It  was  not  without  reason  that  I 
was  much  alarmed,  as  there  were  nearly  three 
thousand  persons  residing  in  our  district,  and 
the  same  number  at  Harwood,  without  a 
resident  medical  practitioner.  The  nearest 
doctor  resided  two  or  three  miles  from  us, 
and  three  or  four  miles  from  Harwood.  From 
seven  to  eight  hundred  of  the  people  were  our 
own  servants.  I  therefore  determined  to  make 
myself  as  well  acquainted  with  the  nature 
and  treatment  of  the  disease  as  I  possibly 
could.  I  read  all  the  medical  journals  of  the 
time,  and  every  other  source  of  information 
on  the  subject  I  could  obtain,  so  as  to  be 
able  in  some  feeble  way  to  do  my  best 
among  our  servants  and  the  people  around. 
I  decided  on  a  mode  of  treatment,  and  pre- 
pared a  large  quantity  of  magnetic  oxide  of 
iron.  I  also  procured  a  large  supply  of  chloride 
of  lime,  intending  to  have  some  placed  in 
every  house  in  our  township.  I  have  for  a 
long  time  had  the  floor  of  our  print-shop 
sprinkled  with  this  when  any  epidemic  has 
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prevailed  in  our  neighbourhood.  However, 
the  cholera  came  no  nearer  than  Sykeside,  a 
small  village  two  miles  and  a  half  distant.  A 
Pole,  who  was  travelling  from  York  to  Man- 
chester, was  attacked  with  the  disease,  and  had 
to  be  taken  to  an  old  empty  house  in  that 
village.  He  soon  died ;  an  old  woman  who 
waited  on  him  was  attacked  and  died,  and 
her  daughter  and  another  attendant  also  died 
in  rapid  succession.  As  soon  as  I  received 
intelligence  of  this  I  sent  to  Mr.  Becker,  a 
manufacturer  of  chloride  of  lime  in  the 
vicinity  of  the  village,  requesting  him  to  send 
a  cask  there  immediately,  with  men  to  dust 
and  drench  the  corpses,  all  the  clothing,  and 
every  house  in  the  village.  This  was  done 
promptly,  just  when  the  fourth  death  occurred. 
There  was  a  complete  fumigation  of  chlorine, 
but  without  the  use  of  acid.  There  were  no 
more  cases  of  the  disease  in  the  village. 

'  I  see  that  a  letter  has  just  been  sent  to 
"  The  Times  "  by  Herapath  of  Bristol,  in  which 
he  recommends  chlorine  fumigation  as  a  pre- 
ventive of  cholera.' 
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CHAPTEE  XYI. 

EXAMINATION  OF  WATER  FOR  USE  IN  DTEING. 

The  last  laboratory  work  of  Mercer,  of  which 
we  have  any  record,  consisted  in  the  examina- 
tion of  a  large  number  of  samples  of  water, 
with  reference  to  their  suitability  to  dyeing 
and  cah CO- printing.  A  very  heavy  claim  for 
damage  having  been  made  by  the  proprietor 
of  the  Horwich  Vale  Print  Works  against  the 
Corporation  of  Liverpool,  on  the  ground  of 
alleged  inferiority  in  the  quality  of  the  water 
supplied  to  their  works  by  that  body  in 
1860,  as  compared  with  the  previous  supply. 
Mercer  was  requested  by  the  Corporation  to 
investigate  the  subject  and  give  his  report. 
It  was  not  without  some  reluctance  that  he 
complied  with  the  request.  To  be  mixed  up 
with  such  legal  proceedings  at  his  advanced 
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age  was  anything  but  agreeable  to  him ;  but, 
having  consented,  he  apphed  himself  to  the 
work  with  his  usual  devotedness  and  conscien- 
tiousness, and  rendered  to  the  Corporation 
important  services,  which  were  duly  appre- 
ciated. The  special  results  and  aspects  of  the 
investigation  have  ceased  to  possess  interest, 
but  among  Mercer's  notes  of  his  experiments 
we  find  some  observations  which  have  a  wider 
application  than  the  case  of  '  Chippendall  v. 
The  Corporation  of  Liverpool,'  and  deserve  to 
be  placed  on  record. 

A  large  number  of  his  experiments  con- 
sisted in  dyeing  pieces  of  calico  with  madder, 
in  different  samples  of  water,  all  other  circum- 
stances being  precisely  identical.  For  this 
purpose  he  made  use  of  a  water-bath  fitted 
with  eight  similar  vessels,  each  large  enough 
to  manipulate  with  one  pint  of  water.  Pieces 
of  cloth  were  printed  in  large  stripes,  with 
mordants  for  red  and  purple,  and  prepared  in 
the  usual  way,  of  which  either  three  or  six 
inches,  across  the  whole  width  of  the  cloth, 
were  taken  for  each  experiment.    The  dyeing 
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was  commenced  at  80°  Fahr.,  the  heat  was 
increased  10°  every  ten  minutes  for  two  hours, 
when  it  reached  200°,  which  temperature  was 
not  exceeded.  For  each  three-inch  piece  of 
cloth  60  grains  of  Turkey  madder  were  taken 
for  full-dyeing  and  30  grains  for  half-dyeing  ; 
or  for  full-dyeing  20  grains  of  garancin,  or  half 
that  quantity  for  half-dyeing. 

In  these  experiments,  Mercer  generally 
used  three-inch  pieces  of  cloth  of  full  width, 
and  madder  or  garancin  for  half-dyeing.  The 
proportion  of  water  in  such  cases  was  five 
times  and  a  half  as  much  as  would  be  used  on 
the  large  scale  (i.e.  eight  gallons  to  one  piece). 
As  only  one-half  the  full  quantity  of  dyeing 
material  was  used,  the  injurious  influence  of 
impurity  in  the  water  would  therefore  be 
exhibited  in  such  tests  to  an  extent  probably 
ten  times  greater  than  would  be  experienced 
on  the  working  scale.  A  slight  difference  in 
the  chemical  composition  of  the  waters,  espe- 
cially in  respect  of  carbonates  of  lime  and 
magnesia,  showed  a  decided  difference  in  the 
depth  of  the  colour  of  the  dyed  samples. 

s  2 
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Sulphate  of  lime,  wlien  not  in  unusually  large 
proportion,  produced  very  little  injurious  in- 
fluence. Of  sulphate  of  magnesia,  twenty- 
four  grains  (cryst.)  to  the  gallon  produced 
very  little  change,  as  compared  with  distilled 
water ;  but  twice  that  quantity  proved  very 
injurious. 

Carbonates  of  lime  and  magnesia  acted 
injuriously,  whether  introduced  in  the  solid 
state  or  held  in  solution  by  carbonic  acid. 
But  the  results  were  not  uniform  with  different 
varieties  of  madder.  With  matured  Turkey 
madder,  and  with  garancin,  the  smallest 
quantity  of  the  carbonates  proved  injurious, 
when  compared  with  distilled  water.  Carbo- 
nate of  lime,  added  to  the  extent  of  one-tenth 
the  weight  of  the  madder,  diminished  the 
dyeing  power  at  least  one- third.  But  in  the 
case  of  unmatured  Dutch  madder,  the  addition 
of  a  very  small  quantity  of  carbonate  of  lime, 
not  exceeding  one-fortieth  part  of  the  weight 
of  madder,  was  found  to  be  an  improvement. 
The  colour  was  deeper  than  that  obtained 
with  the  distilled-water  test.    More  than  that 
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proportion  acted  very  injuriously,  as  in  the 
case  of  Turkey  madder  and  garancin.  Mercer 
considered  that  the  beneficial  action  of  a  very 
small  quantity  of  carbonate  of  lime  was  at- 
tributable to  its  combining  with  some  of  the 
pectic  acid  contained  in  unmatured  madder, 
which  otherwise,  as  when  distilled  water  is 
used,  would  have  acted  injuriously  on  the 
alizarin. 

It  is  probable  that  in  dyeing  with  artificial 
alizarin,  which  has  to  a  large  extent  takea  the 
place  of  the  root,  the  desirability  of  avoiding 
the  presence  of  earthy  carbonates  is  as  great 
as  when  madder  is  employed.  In  the  course 
of  his  experiments.  Mercer  ascertained  that 
the  injurious  action  of  the  earthy  carbonates 
on  madder  and  garancin  may  be  entirely  pre- 
vented, so  far  as  red  dyeing  is  concerned,  by 
the  addition  of  a  small  quantity  of  sumac. 

A  test  which  Mercer  often  used  qualita- 
tively for  ascertaining  the  presence  of  earthy 
carbonates  in  water  was  protosulphate  of 
tin,  which  he  prepared  for  this  purpose  by 
agitating  one  ounce  of  crystallised  sulphate  of 
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copper  and  one  ounce  of  feathered  tin  in  two 
ounces  of  distilled  water,  until  all  the  copper 
was  precipitated.  The  solution  was  kept 
without  exposure  to  air,  to  avoid  the  forma- 
tion of  stannic  sulphate.  If  pure,  no  cloud 
appears  when  the  protosulphate  is  dropped 
into  distilled  water ;  but  a  turbidity  does 
appear  if  oxidation  has  taken  place.  Accord- 
ing to  Mercer,  this  test  produces  a  cloudiness 
when  dropped  into  water  containing  one  part 
of  lime  or  magnesia  in  500,000  ;  one  part  of 
caustic  soda  Hquor  of  70°  Tw.  in  1,000,000  ; 
one  part  of  ammonia  liquor  (0'915)  in 
1,000,000 ;  and  one  part  of  arseniate  of  soda 
in  1,000,000. 
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CHAPTER  XYII. 

HIS   CLOSING  YEAKS. 

For  many  years,  Mr.  Mercer's  domestic  circle 
was  a  scene  of  sunshine  and  happiness.  The 
cloud,  however,  came  at  length  in  the  illness 
and  death  of  the  fondly  loved  wife  of  his 
youth,  in  the  year  1859. 

For  a  few  years  previously,  Mrs.  Mercer 
had  been  indisposed  ;  but  this  occasioned  no 
anxiety  among  her  friends,  until  the  close  of 
the  year  1858,  when  her  suffering  became 
severe  and  alarming.  The  occurrence,  how- 
ever, of  seasons  of  relief  and  rallying  led 
her  friends  and  medical  attendants  to  expect 
her  recovery ;  but  she  herself  seemed  fully 
persuaded  that  the  end  of  her  earthly  exist- 
ence was  approaching,  and  looked  forward 
to  the  change  with  the  peace  and  calmness 
which  harmonised  with  her  life  of  Christian 
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faitli  and  devotedness.  In  the  prospect 
of  '  the  rest  which  remaineth,'  she  bore  her 
severe  suffering  with  exemplary  fortitude 
and  patience.  A  few  days  prior  to  her  de- 
cease she  had  an  attack  of  partial  paralysis, 
after  which  she  was  unable  to  speak,  but 
apparently  free  from  pain.  She  was  fully 
conscious  of  all  that  was  transpiring,  and, 
with  her  bright  smile  and  intelligent  eye, 
showed  her  lively  appreciation  of  the  prayers 
and  attentions  of  her  friends.  '  What  an 
enviable  position  to  be  in  ! '  exclaimed  a  lady 
friend  who  saw  her  on  the  day  before  her 
death,  '  ready  to  clap  her  glad  wings  and  soar 
away!'  She  departed  on  December  2,  1859, 
aged  seventy-four  years. 

Miss  Mercer,  to  whom  we  are  indebted  for 
this  account  of  her  mother's  last  days,  thus 
describes  an  interesting  incident :  '  After  the 
attendants  had  performed  the  usual  offices  for 
the  body,  my  father  took  us  all  to  the  bed- 
side, raised  the  cover  from  her  face,  took  her 
cold  hand  in  his,  and  said,  "I  bless  thee,  0- 
God,  for  having  given  me  so  good  a  wife;" 
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and,  turning  to  his  children,  he  said,  "  and  I 
call  upon  you,  my  children,  each  to  thank 
Him  also,  for  having  given  to  you  such  a 
good  mother."  We  were  all  deeply  moved.' 
.  .  .  '  But  I  cannot  describe  the  grief  we  all 
felt  at  losinof  so  estimable  a  mother.'  This 
amiable  woman  was  truly  a  helpmeet  to 
Mr.  Mercer  in  his  battle  of  life ;  we  have 
before  seen  the  testimony  to  this  which  he 
himself  gave  to  his  children.  But  her  praise 
was  on  the  lips  of  all  who  knew  her.  The 
rule  of  her  life  was  to  do  good  to  others,  not 
only  in  outward  acts  of  charity,  but  in  tokens 
of  loving  sympathy.  Thus  the  disinterested- 
ness and  generosity  of  Mr.  Mercer  himself 
were  encouraged  by  his  wife  ;  and  we  can 
well  imagine  the  thought  of  her  example 
prompted  him  on  one  occasion,  as  we  are 
told,  when,  walking  in  company  with  his  sons, 
he  suddenly  stopped,  and,  looking  earnestly 
on  them,  said,  '  Oh,  my  sons,  do  all  the  good 
you  can  to  everybody  ! ' 

In  1861,  Mr.  Mercer  was  placed  on  the 
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commission  of  the  peace  for  the  county  of 
Lancaster.  It  is  probable  that,  in  his  awards 
when  on  the  bench,  the  claims  of  justice  to 
the  community  were  not  unfrequently  out- 
weighed by  his  feelings  of  pity  and  compas- 
sion for  the  offender.  Oftentimes  the  question 
in  his  mind  as  to  the  claims  of  justice  on 
the  one  hand  and  mercy  on  the  other  was 
evidently  very  trying  to  him,  and  the  award 
of  strict  justice  cost  him  a  struggle.  Some- 
times he  manifested  great  uneasiness  on 
leaving  the  bench,  when  he  considered  his 
brother-magistrates  had  imposed  too  severe  a 
penalty.  I  have  heard  the  saying,  which  pro- 
bably expressed  the  truth,  '  Mr.  Mercer  was 
too  merciful  for  a  magistrate.'  Frequently  the 
friends  of  an  offender  came  to  him  to  ensure 
his  being  present  at  the  court  at  the  time  of 
trial. 

At  the  great  International  Exhibition  of 
1862  his  services  were  again  in  requisition 
as  a  juror,  in  which  office  he  rendered  im- 
portant assistance,  as  on  the  previous  similar 
occasion  in  1851. 
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It  need  hardly  be  stated  that  the  deep 
rehgious  convictions  of  his  youth  and  man- 
hood remained  unshaken  to  his  last  days. 
With  advancing  years  he  could  realise  more 
and  more  fully  the  '  vanity '  of  earthly  things, 
and  the  certainty,  in  the  gospel  of  Christ,  of 
a  glorious  eternal  future.  He  always  loved 
to  recognise  and  trace  the  wonderful  evidences 
of  the  Almighty  Designer  exhibited  in  the 
'  Book  of  Nature,'  not  only  in  the  grand  and 
majestic,  but  in  the  minute  details  with  which 
we  are  familiar  in  the  daily  walk  of  hfe. 
Writing  in  1860  to  his  friend  Mr.  Eichard 
Fort,  who  was  then  on  the  Continent,  and 
who  had  informed  Mr.  Mercer  that  his  reading 
of  Bishop  Butler's  'Analogy'  had  been  of 
great  help  in  leading  him  to  a  conviction  of 
the  truth  of  the  Christian  religion,  he  writes : 
.  .  'I  have  never  read  Butler's  "  Analogy," 
but  I  intend  to  do  so,  and  expect  I  shall 
find  that,  in  the  course  of  my  long  life  of 
active  thought,  I  have  hit  upon  something 
similar  to  what  I  shall  find  there.  I  have 
long  been  convinced  that  the  visible  is  as 
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inscrutable  to  us  as  tlie  invisible  ;  that  all 
nature  is  an  aggregate  of,  so  to  speak,  mira- 
culous adaptations,  compensations,  restraints, 
adjustments,  provisions,  &c.,  all  of  which 
belong  to  the  department  of  immateriality ; 
that  all  the  active  and  passive  changes  which 
take  place  in  this  world,  and  in  the  universe, 
are  produced  by  forces  which  cannot  be 
proved  to  be  material ;  and  the  mysterious 
and  profoundly  inscrutable  character  of  the 
common  phenomena  of  this  world,  with  which 
I  am  familiar,  only  deepens  my  conviction  of 
the  reality  of  the  invisible  world.' 

Mr.  Fort  had  referred  to  his  having  passed 
through  '  many  forms  of  scepticism,'  and  '  had 
to  struggle  with  difficulties '  during  a  season 
of  protracted  illness  ;  but  having  become  con- 
vinced of  the  truth  of  the  Christian  reli- 
gion, he  then  found  his  '  views  of  the  future 
wonderfully  brightened  and  cheered  by  the 
consolation  it  affords.'  Mr.  Mercer  wrote  in 
reply:  'Your  letter  gives  me  so  much  plea- 
sure ;  especially  as  it  shows  how  clear  your 
ideas  were,  and  how  vigorous  your  mind  was, 


HIS  CLOSING  YEARS. 


269 


when  you  wrote  it ;  with  such  tranquiUity  and 
self-possession — a  most  desirable  state  to  be 
in.  While  reading  your  letter,  before  I  came 
to  your  own  statement,  I  felt  sure  your 
"health  had  made. great  progress,"  and  I  was 
glad  to  find  my  expectation  confirmed.  Dear 
Eichard,  allow  me  to  say  that,  in  every  case, 
to  produce  and  maintain  an  even,  placid, 
tranquil  state  of  mind  and  feeling  there  is 
nothing  like  true  religion ;  but  this  is  parti- 
cularly so  in  your  form  of  illness.  As  you 
have  learned  from  experience  the  wholesome 
influence  of  certain  kinds  of  reading  and  study, 
so  I  have  no  doubt  that,  by  strict  attention  to 
your  own  experience  and  the  exercise  of  your 
best  judgment,  your  health  will  continue  to 
progress.' 

Living  in  an  age  of  great  political  excite- 
ment, and  in  a  part  of  the  country  where 
political  enthusiasm  often  led  to  extreme  de- 
monstrations, Mr.  Mercer,  as  might  have  been 
expected,  held  decided  political  views.  He 
was  a  supporter  of  the  Eeformers  and  the 
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advocates  of  liberal  measures ;  but  without 
making  himself  prominent  as  such,  and  with- 
out making  any  uncalled-for  obtrusion  of  his 
views.  He  was  a  great  admirer  of  Eichard 
Cobden.  That  great  statesman,  to  whom, 
more  than  any  other,  our  nation  is  indebted 
for  the  repeal  of  the  duty  on  corn,  was  in 
the  employ  of  Messrs.  Fort  Bros,  and  Co. 
in  1830  ;  he  occasionally  '  took  the  road  '  as 
their  commercial  traveller,  and  afterwards 
became  a  partner.  The  connection  did  not 
continue  long,  but  the  intercourse  was  suffi- 
cient to  produce  in  Mr.  Mercer  a  great  esteem 
for  Cobden,  and  sympathy  with  his  political 
principles. 

During  the  last  two  years  of  Mr.  Mercer's 
life  he  experienced  severe  bodily  suffering, 
which  he  bore  with  becoming  fortitude  and 
resignation.  His  illness  was  induced  by  an 
accident  which  happened  to  him  in  the  year 
1864,  while  examining  the  progress  which 
was  being  made  in  the  construction  of  a 
water  reservoir  in  his  neighbourhood.  His 
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foot  slipped,  and  he  fell  a  few  feet  into  the 
water.  Some  time  elapsed  before  he  could 
put  off  his  wet  clothing  ;  the  immediate 
consequence  was  a  severe  cold,  which  soon 
developed  into  an  internal  disease  of  a  very- 
painful  character.  This  eventually  proved 
fatal.  With  a  readiness  and  a  desire  to 
depart  and  '  go  home,'  as  he  used  to  say,  he 
sought  for  and  obtained  help,  patiently  to 
wait  until  the  right  time  arrived.  A  few  days 
before  his  decease  he  said  to  a  friend,  '  Christ 
is  all  in  all  to  me.'  Thus  testifying  to  the  last 
the  power  of  the  faith  which  had  exercised  so 
much  influence  on  him  throughout  his  career, 
this  remarkable  man  departed  this  life  on 
November  30,  1866,  in  his  seventy-sixth  year. 
Not  only  was  his  loss  deeply  felt  by  his  two 
sons  and  two  daughters,  all  of  whom,  being 
unmarried,  still  resided  under  the  paternal 
roof,  but  by  a  large  number  of  friends  to 
whom  he  had  endeared  himself  by  his  sym- 
pathy, catholicity  of  spirit,  and  uniformly 
unselfish  life.  Among  the  inner  circle  of 
his  personal  acquaintance  many  could  bear 
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witness  to  the  good  influence  exerted  on  them- 
selves by  his  example  ;  and  though  since  his 
day  times  have  changed,  and  the  surroundings 
of  the  readers  of  this  memoir  may  differ  largely 
from  those  of  Mercer,  yet  v/e  do  indulge  the 
hope  that  our  endeavour  to  make  known  his 
character  and  aims,  his  difficulties  and  suc- 
cesses, may  render  Mercer's  example  a  whole- 
some influence  to  an  outer  circle,  and  enable 
him,  though  he  died  nearly  twenty  years  ago, 
yet  to  speak  words  of  wisdom.  His  remains 
were  interred  in  the  family  vault,  St.  Bartho- 
lomew's Church,  Great  Harwood. 
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§  I.  LIQUID  MEASURES  USED  AT  THE  OAKENSHAW 
WORKS. 

The  peculiar  division  of  the  gallon  introduced  by 
Mercer,  to  which  we  shall  have  frequent  occasion  to 
refer,  is  the  following  : — 

1  gallon=16  '  gills,' 
1  '  gill '  =16  '  spoons/ 

and  the  spoon  was  further  subdivided  into  16  parts. 

No  doubt  this  system,  from  its  simplicity  and 
easy  subdivision,  would  be  found  very  convenient. 

§  II.  EXTRACT  FROM  A  LETTER  TO  MR.  ROBERT 
WARINGTON. 

The  letter  from  Mercer  to  Warington,  in  which 
he  describes  some  experiments  with  antimony 
orange,  and  indigo,  referred  to  page  29,  was  written 
in  1847. 

'  I  remember  being  remarkably  struck  at  that 
time  by  the  fact  that  if  I  had  used  too  much  sulphur 
in  making  the  orange,  when  it  became  mixed  with 
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the  blue  deoxidised  indigo  "  in  alkaline  solution), 
the  whole  became  "  oxidised  "  or  dark  blue.  I  then 
tried  the  effect  of  adding  sulphur  to  the  mixture  of 
indigo  with  red  arsenic  (and  alkali),  and  found  that 
no  solution  or  "  deoxidation  "  of  the  indigo  could  be 
effected.  I  then  took  the  calico-printer's  blue-vat 
liquor  (made  with  indigo,  copperas,  and  lime)  and 
added  a  little  "  red  sulphuret  of  lime,"  and  found 
that  in  a  short  time  all  the  indigo  was  precipitated 
of  a  blue  colour.  This  effect  does  not  take  place  by 
the  addition  of  simple  sulphuret,  but  only  when 
there  is  excess  of  sulphur ;  as  Na  or  Na  S3  &c., 
not  Na  S.  I  concluded  at  the  time  that  when  indigo 
blue  is  changed  to  white  indigo  it  does  not  lose  some 
of  its  oxygen,  but  that  it  gains  hydrogen;  and  that 
in  the  above  case  the  excess  of  sulphur  above  the 
simple  sulphuret  combines  with  that  hydrogen. 
Indigo  precipitated  in  this  way  differs  from  common 
indigo  in  density.  I  have  had  it  sometimes  as  light 
as  magnesia,  of  a  very  fine  colour.' 

§  III.  PREPAKATION  OF  COCHINEAL  LIQUORS. 

Having  discovered  (in  1825  or  thereabouts)  that 
neutral  oxalate  of  potash  possesses  a  remarkable 
solvent  power  for  the  colouring  matter  of  cochineal, 
or  rather  for  that  portion  of  it  which  is  scarcely 
soluble  in  water,  Mercer  made  use  of  that  salt 
for  preparing  cochineal  liquors  with  great  aidvantage. 
The  following  method  was  practised  at  Oakenshaw 
for  preparing  a  fine  liquor  of  moderate  strength  : — 
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The  cocliineal  was  digested  three  times :  first 
with  ^  weak  liquor '  obtained  from  the  second  digestion ; 
next  with  '  red  washings  '  obtained  from  the  third 
digestion  ;  and  lastly  with  water. 

Eight  lbs.  of  ungronnd  silver  cochineal  were  put 
into  24  gallons  of  '  weak  liquor '  previously  heated 
to  190°,  kept  for  about  a  quarter  of  an  hour  at  that 
temperature,  and  then  filtered,  with  pressure.  The 
liquor  thus  obtained  was  fit  for  use. 

The  bottoms  were  put  into  24  gallons  of  'red 
washings '  containing  oxalate  of  potash,  previously 
heated  to  190°,  kept  at  that  temperature  for  about  a 
quarter  of  an  hour  and  then  filtered.  This  'weak 
liquor  '  was  used  with  fresh  cochineal. 

The  bottoms  were  next  put  into  10  gallons  of  hot 
or  boiling  water,  again  placed  on  a  filter,  and  washed 
with  12  gallons  of  hot  water,  added  in  several  suc- 
cessive portions.  In  the  '  red  washings '  thus  ob- 
tained 3  lbs.  of  oxalic  acid  were  dissolved,  and 
carefully  neutralised  with  solution  of  carbonate  of 
potash. 

Another  method  practised  for  making  stronger 
liquor  (suitable  for  black  merino  discharge  work) 
was  the  following  : — 

Twenty-four  lbs.  of  good  cochineal  were  boiled 
for  a  quarter  of  an  hour  in  10  gallons  of  'weak 
liquor,'  and  one  gallon  of  oxalate  of  potash  liquor 
of  36°  Tw.  The  liquor  squeezed  through  a  hair- 
cloth filter-press  was  of  14°  Tw. ;  it  was  either  used 

T  2 


276 


LIFE  OF  JOHN  MERCER. 


in  that  state,  or,  for  most  purposes,  concentrated  by 
evaporation  to  22°  Tw.  The  bottoms  were  then 
boiled  for  half  an  hour  with  10  gallons  of  '  red 
washings  '  and  again  pressed  (giving  '  weak  liquor '), 
and  lastly  boiled  with  10  gallons  of  water  for  half  an 
hour  (for  '  red  washings  '). 

Cochineal  '  crimson  liquor,'  used  for  black  merino 
discharge,  was  made  thus  : — 

Four  lbs.  of  cochineal  were  mixed  with  1  gallon 
of  '  crimson  washings,'  and  2  quarts  of  ammonia 
(medium  strength),  and  allowed  to  stand,  with  fre- 
quent stirring,  for  about  ten  days.  There  was  then 
added,  by  degrees,  a  solution  of  2  lbs.  of  oxalic  acid 
in  2  quarts  of  '  weak  liquor ' ;  the  quantity  necessary 
for  neutralising  the  ammonia  was  observed,  but  the 
whole  was  added.  The  mixture  was  heated  to  180°, 
and  then  filtered  and  pressed  to  obtain  liquor  for  use. 

The  bottoms  were  washed,  in  the  first  place,  with 
2  quarts  of  water  and  pressed,  to  obtain  the  above 
'  weak  liquor ' ;  next  with  2  quarts  of  water  and 
4  '  spoons  '  of  ammonia ;  and  lastly  with  2  quarts  of 
water;  the  last  two  washings,  mixed,  formed  the 
^  crimson  washings '  used  with  the  raw  cochineal . 

§  IV.  mercer's  test  for  bleach  liquors. 

The  following  method  was  found  convenient,  at 
the  Oakenshaw  Works,  for  testing  strong  bleach 
liquors.    The  standard  for  this  liquor  was  taken  at 
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1  lb.  of  bleaching  powder  of  50  p.c.  '  pure  chloride 
of  lime  '  (or  28  p.c.  available  chlorine)  in  one  gallon. 
The  liquor  to  be  tested  was  put  into  a  '  4-spoon  vessel ' 
graduated  into  100  parts,  and  added  gradually  to  a 
solution  of  182  grains  of  yellow  prussiate  of  potash, 
with  a  little  acid,  until  the  mixture  ceased  to  give  a 
blue  precipitate  with  a  solution  of  ferric  salt. 

If  the  liquor  was  of  the  exact  standard  above 
mentioned,  50  measures  would  have  been  necessary. 

Calling  the  number  of  measures  used  a,  then 

=  the  number  of  ounces  of  bleaching  powder 

of  50  p.c.  pure  'chloride  of  lime'  (28  p.c.  of  chlorine) 
per  gallon. 
225 

 =  the  number  of  ounces  of  chlorine  per 

a 

gallon. 

And  if  the  liquor  had  been  made  with  1  lb.  of 
bleaching  powder  per  gallon,  then 

^^^^  =  the  percentage  of  pure  '  chloride  of  lime ' 
a 

in  the  bleaching  powder  ;  and 

1400         percentage  of  chlorine  in  the  bleaching 


a 

powder. 

The  weak  'chemic'  liquors  used  for  'chemicking' 
delaines,  which  required  frequent  examination  and 
adjustment,  were  tested  as  follows  : — 

The  standard  strength  required  was  1  gallon  of 


278  LIFE  OF  JOHN  MERCER. 


the  above  strong  liquor  (containing  1  lb.  of  28  p.c. 
to  the  gallon)  to  100  gallons  of  water. 

The  yellow  prussiate  solution  was  made  by 
dissolving  5^  ounces  in  1  gallon  of  water  ;  4  '  spoons ' 
of  this  solution  correspond  to  1  pint  of  the  above 
dilute  '  chemic '  liquor.  One  pint  of  the  liquor  to 
be  tested  was  slightly  acidified  by  nitric  acid,  a  few 
drops  of  solution  of  '  red  nitrate  of  iron '  were  added, 
and  then  the  yellow  prussiate  until  the  mixture 
became  blue.  If  more  than  4 '  spoons '  were  necessary, 
more  of  the  strong  bleaching  liquor  was  added  to  the 
tank,  in  proportion. 

This  was  found  a  very  convenient  and  ready  test 
for  maintaining  the  proper  strength  of  the  chemicking 
cistern. 

I  V.  ON  THE  ACTION  OF  A  MIXTURE  OF  RED  PRUS- 
SIATE OF  POTASH  AND  CAUSTIC  ALKALI  UPON 
COLOURING  MATTERS.* 

^  About  ten  years  since  I  discovered,  and  used 
extensively  in  calico-printing,  the  oxidising  properties 
of  a  mixture  of  red  prussiate  of  potash  and  caustic 
alkali.  For  many  years  I  have  been  in  the  habit  of 
communicating  to  my  friends  several  applications  of 
this  interesting  reaction,  among  whom  I  may  mention 
Mr.  Crum  of  Glasgow,  and  Dr.  Lyon  Playfair.  Since 
then  Boudalt  has  directed  attention  to  the  oxidising 

^  From  the  Memoirs  of  the  Chem.  Soc.  vol.  iii.  p.  320. 
1847. 
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power  of  the  same  mixture,  as  far  as  relates  to 
metallic  oxides,  but  has  not  shown  any  important 
practical  application  of  the  knowledge  thus  acquired. 

*  There  are  but  few  processes  known  in  the  arts 
for  bleaching  indigo,  the  principal  of  these  being 
that  in  which  chromic  acid,  liberated  from  the  bi- 
chromate of  potash,  is  used.  In  certain  cases  this 
process  is  attended  with  various  disadvantages,  and 
the  cloth  requires  to  be  subjected  to  a  clearing  process 
to  remove  the  oxide  of  chromium.  The  topical  ap- 
plication of  a  mixture  of  red  prussiate  of  potash  and 
an  alkali  at  once  effects  the  same  purpose,  and  in  a 
most  complete  manner,  leaving  a  brilliant  white  on 
the  spot  where  the  colour  is  discharged,  without 
rendering  any  injury  to  the  fabric.  The  manner  of 
applying  this  discharge  may  be  arranged  to  suit  the 
conditions  of  the  calico-printer.  As  a  class  experi- 
ment for  a  lecture-table  it  is  convenient  to  impregnate 
the  indigo-blue  calico  with  a  solution  of  red  prussiate 
of  potash,  and  then  dip  it  into  a  weak  solution  of 
alkali. 

'  This  action  is  a  beautiful  illustration  of  those 
double  affinities  which  we  frequently  find  at  play  in 
combinations  or  decompositions.  Thus,  though 
neither  chlorine  nor  charcoal  can  decompose  alumina 
iper  se,  the  same  gas  passed  over  a  mixture  of  alumina 
and  charcoal  combines  with  the  metallic  radical ;  the 
charcoal  in  this  case  having  aided  the  combination 
by  withdrawing  the  oxygen.  It  is  the  same  kind 
of  action  in  the  case  under  consideration.  Red 
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prussiate  of  potash,  Fe^  Cy-g  3K,  differs  from  the  yellow 
prussiate,  Cjg  4K,  by  containing  one  atom  less 
potassium.  When  potash  is  presented  to  the  former, 
this  deficient  atom  of  potassium  is  supplied,  but  the 
affinity  is  not  strong  enough  to  liberate  the  oxygen. 
When,  however,  a  second  body  having  an  attraction 
for  oxygen,  such  as  litharge  or  indigo,  is  presented  to 
the  potash  and  red  prussiate,  this  second  affinity 
acting  in  a  different  direction  withdraws  the  oxygen 
and  allows  the  potassium  to  unite  with  the  compound 
radical  ferrocyanogen  ;  thus  Fe.^  Cyg  3K  +  KO  +  PbO 
=  Fe2  Cyg  4K  +  Pb02,  the  decomposition  being  of 
the  same  kind  when  an  organic  matter  is  substituted 
for  the  oxide  capable  of  further  oxidation.  Soda  and 
ammonia  may  be  substituted  for  potash  in  the  above 
decomposition,  producing  the  oxidation  or  discharg- 
ing the  indigo.  This  is  curious  in  the  case  of 
ammonia,  for  it  cannot  be  explained  by  any  other 
than  by  the  ammonium  theory,  and  shows  the  com- 
plete analogy  between  the  oxide  of  ammonium  and 
the  oxide  of  the  simple  metallic  radicals,  potassium 
aud  sodium.  It  is  interesting  also  to  observe  that 
the  last  member  in  the  formula  Feg  Cyg  411,  may  be 
substituted  by  any  alkaline  base.  Thus,  that  it  may 
either  be  Feg  Cyg  +  KgK,  or  Fcg  Cyg  +  Kg  Na,  or  Fcg 
Cyg  +  K^  NH^.  This  circumstance  points  to  im- 
portant theoretical  considerations  in  the  atomic  con- 
stitution of  the  prussiates,  which  would  be  foreign 
to  the  present  paper,  the  principal  object  of  which  is 
to  furnish  a  means  of  discharging  indigo,  and  thus 
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supply  a  process  much  wanted  in  the  art  of  calico- 
printing,  and  which  I  have  followed  for  many  years  ■ 
with  success.' 

§  VI.  THE  RIBBON-ROLLER. 

We  have  occasionally  referred  to  the  use  made  by 
Mercer  of  the  '  ribbon-roller,'  as  a  means  of  produc- 
ing some  pleasing  styles.  This  was  not  an  inven- 
tion of  his,  but  for  the  information  of  some  of  our 
readers  we  may  mention  that  it  was  used  for  the 
purpose  of  producing  a  continuous  colour  lengthways 
of  any  desired  breadth,  with  softened  edges ;  being 
simply  a  wooden  roller  of  about  six  inches  in  dia- 
meter, with  the  blanks  grooved  out  to  about  f  of  an 
inch  ;  underneath  the  cylinder  was  the  colour  trough, 
the  projections  of  the  cylinder  just  dipping  into  the 
liquor ;  the  cloth  by  passing  over  the  upper  part  of 
the  rotating  cylinder  became  impregnated  with  the 
colouring  material  or  mordant.  Three  such  rollers, 
supplying  different  colours,  were  often  placed  to- 
gether for  the  cloth  to  pass  over  them  in  succession ; 
and  to  produce  certain  effects,  the  second  or  third 
roller  was  so  placed  that  its  impression  overlapped 
that  of  the  preceding  roller.  The  colours  applied 
in  this  way  were  not  thickened  as  for  ordinary  print- 
ing ;  so  that  the  edges  became  shaded  off  by  absorp- 
tion, and  effects  obtained  similar  to  what  is  called 
'  rainbow-printing.' 


282  LIFE  OF  JOHN  MERCER, 


§  VII.  DOLE  YELLOW. 

The  receipt  referred  to  page  59  is  the  follow- 
ing: 

Dissolve  Nitrate  of  lead .       .  4  lbs. 

and        White  acetate  of  lead  .    4  „ 

in           Water             .       .  .6  quarts. 

Dissolve  Bichromate  of  potash  .    4^  lbs. 

in           Water     .       .       .  .6  quarts. 

Add  three-fourths  of  the  bichromate  solution  to  the 
lead  solution,  then  thicken  with 

Starch  ....    4  lbs. 

Apply  heat,  and  add  the  remainder  of  the  bichromate 
solution  ;  when  of  the  right  consistency  remove  from  the 
source  of  heat,  and  add 

Nitrate  of  alumina  liquor  (from  4  lbs. 
alum,  and  4  lbs.  nitrate  of  lead  to 
the  gallon)  .       .       .       ,       .2  quarts 
and  Salammoniac  lib. 


VIII.  DISCHARGES  FOR  MERGER'S  'MYRTLE  GREEN.' 

The  following  are  receipts  referred  to  page  62  : — 
1.  Blue  discharge. 

Gum  liquor  of  40°  Tw.  .  .  .5  pints, 
Dil.  Sulphuric  acid  (1  O.Y.  2  water) .  \\  gills, 
Protochloride  of  tin  liquor  of  100°  Tw.    \\  pints  ; 

to  which  add 
Tartaric  acid    .       .       .       .       .8  ozs. 

previously  dissolved  in 
Water      ...        ,       ^  1|  pint. 
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2.  Yellow  discharge. 

Dissolve  Sulphate  of  copper      .  .  8  ozs, 

in  Water        ...  2  quarts ; 

add         Sulphate  of  zinc  .       .  ,5  lbs. 

Pipe-clay    .       .       .  .  10  „ 

Next  add      Gum  liquor  of  40°  Tw  .  .  1  quart, 
and  (previously  mixed  together) 

Nitric  acid  ....  1  pint, 

Water        .       .       .  .  1  „ 

3.  ^  Discharge  resist  white,'  for  printing  on  and 
discharging  the  orange,  and  for  acting  as  a  resist 
when  the  cloth  is  afterwards  dyed  in  the  blue  vat. 

Mix         Pipe-clay  .  8  lbs 

with        Sulphate  of  copper      .       .  2  „ 
previously  dissolved  in 

Water       .       .       .       .2  quarts. 

Next  add        Gum  liquor  of  40°  Tw.       .  1  quart, 
and  lastly       Protochloride  of  tin  liquor 

of  100°      ....  1  „ 


§  IX.  DISCHARGES  FOR  BLACK  MERINO. 

The  following  are  the  discharges  referred  to 
page  63 : — 

A.  White  discharge  (for  ^  solids'). 

Dissolve  Oxalic  acid  .       .       .       .  4  ozs. 

and        Oxalate  of  ammonia     .       .  4  „ 

in  Water        .       .       .       .  3  pints. 

With  a  portion  of  the  solution,  beat  up 

Pipe-clay  ^  .  3  lbs. 
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Mix  the  remainder  with 

Gum  liquor  of  40°  Tw.  .  .    h\  pints, 

Gum  liquor  of  20°  Tw.  .  .    2  „ 

Oxalic  acid          .       .  .  .4  ozs. 

and       Oxalate  of  ammonia     .  .  .    12  „ 

Warm,  if  necessary  for  solution,  and  mix  with  the 
pipe- clay.    Place  in  the  bottom  of  a  pan 

Tin  crystals  .       .       .       .       .21  ozs. 
to  which  add  the  above  mixture  by  degrees  ;  strain 
for  use, 

A  similar  discharge  was  used  for  '  shapes  '  contain- 
ing more  pipe-clay  and  less  gum. 

B.  Standard  deep  yellow  discharge. 

In  one  pan  mix  well  together 

Pipe-clay  3  lbs. 

'  Quercitron   bark   precipitate '  (de- 
scribed elsewhere  in  this  Appendix)    1  quart 
and  Tin  crystals       .      ' .       .       .       .20  ozs. 


In  another  pan  mix 

Ground  Barbary  gum        .       .       .4  lbs. 

'  Quercitron  bark  precipitate '    .       .2  quarts, 

Oxalic  acid       .       .       .       .       .12  ozs. 

Oxalate  of  ammonia  .       .       .       .    12  „ 
and  Water       ......    1  quart. 


Stir  well,  cold  at  first ;  afterwards  warm  a  little,  and 
when  the  crystals  are  dissolved  add  the  mixture  by  de- 
grees to  the  above  paste.  Strain  twice  through  a  coarse 
and  afterwards  through  a  fine  cloth. 

C.  For  a  lighter  yellow  (for  '  pegging')  mix 
2  measures  of  A  with  1  measure  of  B. 
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D.  Another  yellow  discharge,  containing  no  in- 
soluble ingredient,  consisted  of: — 

Tin  crystals  19  ozs. 

Oxalate  of  ammonia  .       .       .       .    29  „ 

British  gum,  No.  4     .       .       .       .31  lbs. 

Water      ......    2  quarts, 

Quercitron  bark  liquor  of  12°  Tw.      .2  „ 

E.  Green  discharges  for  black  merinos  : — 
First  make  a  mixture  of 

Fustic  liquor  of  8°  Tw.      .       .  3  quarts 

and  Persian  berry  liquor  of  7°  Tw.  .       .    1  quart 

Mix  1  pint  of  this  '  yellow  liquor '  with 
Pipe-clay        .       .       .       .    3  lbs. 
Extract  of  indigo     .  1  'gill.'  (Mercer's) 

and  Tin  crystals     ....    6  ozs. 

To  this  add 
Ground  gum    .       .       .       -    ^\  lbs., 

and  also,  by  degrees,  3  pints  of  'yellow  liquor,'  in  which 
have  been  previously  dissolved 

Oxalic  acid     ...       .6  ozs. 

Heat  the  mixture,  and  then  add,  previously  dissolved 
in  4  pints  of  '  yellow  liquor,' 

Tin  crystals     .       .       .       .12  ozs, 
Oxalate  of  ammonia        .       .    18  „ 


F.  Another  shade  of  green  : — ■ 

Mix  Pipe-clay    ....  3  lbs. 

and  Extract  of  indigo       .       .  .    1  '  gill ' 

with  Water       .       .       .       .  ,1  pint ; 

add  Ground  gum      .       .       .  -    ^\  lbs. 
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and  Oxalic  acid     ...       .4  ozs. 

previously  dissolved  in 

Water  1  pint. 

Lastly  add  Tin  crystals    .       .       .       .15  ozs. 
and  Oxalate  of  ammonia        .       .  20 

previously  dissolved  in 

Persian  berry  liquor  of  7°  Tw.      2  quarts. 


G.  Ked  discharge  for  black  merinos  : — 


Cochineal  liquor  of  22°  Tw.       .       .    3  quarts, 

Oxalic  acid  9  ozs. 

Oxalate  of  ammonia  .       .       .       .    7  „ 

Tin  crystals  18  „ 

British  gum,  No.  4    .       .       .       -21  lbs. 

Heat,  and  afterwards,  when  cold,  add 
Cochineal  liquor  of  22°      .       .       .1  quart. 

H.  Another  standard  red  discharge  : — 

Oxalic  cochineal  liquor  of  22°  Tw.  .  7  pints. 
Tin  crystals      .       ,       .       .       .20  ozs. 

Gum  .41  lbs. 

Oxalic  acid        .       .       .       .       .9  ozs. 
Oxalate  of  ammonia  ,       .       .       .    8  „ 

Pipe-clay  2  lbs. 

Water       ......    1  pint. 


Mix  together  the  pipe-clay,  tin  crystals  and  1  pint 
of  water  ;  when  well  mixed  add  half  of  the  gum  ;  then 
1  pint  of  the  cochineal  liquor  and  the  remainder  of  the 
gum  ;  next  a  solution  of  the  oxalic  acid  and  oxalate  of 
ammonia  in  3  pints  of  the  cochineal  liquor,  and,  lastly, 
the  remainder  of  the  liquor. 

To  make  a  paler  tint,  dilute  with  A. 
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I.  Gum  crimson  for  black  merinos: — 


'  Crimson  liquor  '  (from  cochineal,  de- 
scribed elsewhere  in  this  Appendix) . 
Oxalate  of  ammonia  .... 

Oxalic  acid  ..... 

Gum  ....... 

Tin  crystals  

For  pale  crimson,  take  1  measure  of  I  with  5  of  A 


1  gallon, 
16  ozs. 
8  „ 
4  lbs. 
21  ozs. 


K.  Standard  blue  discharge  for  merinos  :- 


Dissolve  Oxalic  acid 
and        Oxalate  of  ammonia 
in  Water  . 

Mix  this  solution  with 
Pipe-clay 

Extract  of  indigo  . 
Then  add  Tin  crystals  . 
Dissolve  Oxalate  of  ammonia 
and        Oxalic  acid  . 
in  Gum  liquor  of  40°  Tw. 

and       Water  . 

Mix  with  the  above,  and  add  lastly. 

Gum  liquor  of  20°  Tw.  . 


4  ozs. 

4  „ 
3  pints. 

6  lbs. 
3  gills. 
42  ozs. 
28  „ 
12  „ 
5J  quarts, 

1  pint. 

2  quarts. 


L.  Olive  brown  discharge  for  merinos : — 

Mix  together 

Cochineal   precipitate  (described 

elsewhere)        ....    1  quart, 
Ground  gum        .       .       .       -2^  lbs. 
Standard  yellow  discharge  B        .    1  quart. 
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Dissolve  Oxalic  acid   .       .       .       .       .4  ozs. 
and        Oxalate  of  ammonia     .       .       .    8  „ 
in  Water  1  quart. 

Add  half  of  the  latter  to  the  colour  mixture.  Put  into 
an  empty  pan  Tin  crystals  10  ozs.,  add  to  it  all  the 
colour  mixture  by  degrees,  and  lastly  the  remaining 
portion  of  the  oxalic  liquor. 

Among  the  mixtures  of  the  preceding  discharges, 
used  at  Oakenshaw,  the  following  may  be  noticed : — 

Dark  brown  : — 1  measure  of  G,  2  measures  of  E,  and 
2  measures  of  C. 

Pale  brown  : — 2  measures  of  the  preceding,  1  mea- 
sure of  C,  and  1  measure  of  A. 

A  good  pale  drab  : — 1  measure  of  C,  1  measure  of 
H,  6  measures  of  K,  and  40  measures  of  A. 

Strong  scarlet  : — 1  measure  of  B,  3  measures  of  H, 
and  4  measures  of  G. 

Orange  : — 1  measure  of  G,  1  measure  of  H,  and  14 
measures  of  G. 

Primrose  : — 1  measure  of  B,  and  16  measures  of  A. 

Drab  : — 4  measures  of  preceding  primrose,  1  mea- 
sure of  H,  4  measures  of  K,  and  4  of  A. 

Orange  : — 1  measure  of  G,  with  4  measures  of  C. 

Pale  orange  : — 1  measure  of  the  preceding  with  4 
of  A. 

BulBT: — 1  measure  of  H,  1  measure  of  C,  with  14 
measures  of  A. 

A  good  weak  scarlet  for  solids  : — 1  measure  of  H 
with  1  measure  of  C. 

Purple  : — 1  measure  of  I,  3  to  5  measures  of  K,  and 
5  measures  of  A. 

Deep  purple  : — 1  measure  of  H  with  1  measure  of  K. 
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Salmon  or  orange  to  go  between  red  and  yellow  in 
rainbow  work  : — 1  measure  of  H  with  1  measure  of  C. 

Orange  in  regular  use  : — 1  measure  of  G  with  4 
measures  of  C. 

A  *  protecting  paste '  used  in  conjunction  with  the 
preceding  discharges  was  made  by  dissolving 

Binarseniate  of  soda  .       .       .       .12  ozs. 
Alkaline  arseniate  of  soda  .       .       .    12  „ 
In  water  sufficient  to  make       .       .       .    5  '  gills,' 

And  thickening,  when  dissolved,  with 

Finely  ground  British  gum         .       .    1^  lb. 

§  X.   REMARKS  ON  THE  IMPORTANCE  OF  ATTENDING 
TO  TEMPERATURE  IN  DYEING  OPERATIONS. 

In  1829  Mercer  made  some  interesting  observations 
respecting  the  importance  of  attending  to  tempera- 
ture in  dyeing  operations,  which  ought  to  be  recorded. 
In  making  experiments  to  ascertain  the  best  tin 
solutions  for  mordants  for  logwood,  peachwood,  and 
other  colours,  he  observed  that  if  cotton  cloth,  mor- 
danted with  a  per  salt  of  tin,  is  '  done  off'  ^  cold,  it 
dyes  far  better  than  if  '  done  off'  hot.  This  influence 
of  the  higher  temperature  is  not  nearly  so  great  with 
a  mixture  of  protoxide  and  peroxide  as  with  the 
latter  by  itself ;  hence  he  preferred  generally  for 
such  purposes  a  mixture  made  by  dissolving  one 

^  By  '  doing  off'  is  meant  the  removal  of  the  loosely 
attached  mordant  by  means  of  a  bath  containing  bran,  size,  or 
other  similar  materials  previous  to  dyeing. 
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pound  of  metallic  tin  in  one  gallon  of  perchloride  of 
100°  Tw.  He  found  that  the  solution  best  adapted 
for  dyeing  was  the  worst  for  '  preparing,'  or  even 
printing,  if  steam  colours  are  to  follow.  He  was  led 
to  draw  the  following  conclusions : — 

For  ^  preparing,'  for  steam  colours,  use  perchloride 
made  alkaline ;  ^  dry  the  cloth  hard ;  then  pass  it 
through  boiling  solution  of  sal-ammoniac ;  or  through 
cold  sal-ammoniac  liquor,  and  afterwards  through 
boiling  water.  The  oxide  of  tin  aggregates  so  as 
not  to  take  the  colour. 

For  dyeing,  the  cloth  should  be  printed  with 
liquor  made  by  dissolving  one  pound  of  tin  in  one 
gallon  of  perchloride,  thickened  with  gum  tragacanth, 
starch,  or  British  gum,  according  to  the  colour; 
*  done  off'  under  100°  Fahr.  (not  passed  through  hot 
water),  and  then  dyed  cool.  If  too  hot  before  con- 
tact with  the  colouring  matter,  the  oxide  of  tin 
becomes  too  much  aggregated  to  take  the  colour 
properly.    After  dyeing  it  may  be  boiled. 

For  padding  for  dyeing,  use  liquor  made  with 
one  pound  of  tin  to  one  gallon  of  perchloride  of 
100°  Tw.,  to  which  add  caustic  potash  until  the 
precipitate  is  just  redissolved,  and  then  sulphate  of 
zinc.  The  oxide  of  zinc  prevents  the  oxide  of  tin 
from  assuming  the  aggregate  form. 

'  A  great  change  seems  to  take  place  in  the 
condition  of  the  oxides  merely  by  heat ;  and  when 

*  This  was,  of  course,  previous  to  his  introduction  of  the 
stannate  made  in  the  dry  way. 
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in  tliis  cKanged  state  they  can  never  properly  com- 
bine with  colouring  matters,  so  as  to  produce  good 
shades.  There  are  means,  however,  of  restoring  the 
colour-absorbing  powers  of  such  oxides.  Thus,  if 
cloth  with  iron-buff  is  boiled  in  water,  it  takes  only 
a  very  pale  blue  when  dyed  with  prussiate  of  potash 
and  acetic  acid;  but  if  previously  passed  through 
very  dilute  hydrochloric  acid,  it  dyes  a  fine  full  blue. 
Again,  in  producing  drabs,  olive,  &c.  if  the  cloths 
are  done  off  hot,  or  boiled  afterwar(ls,  they  give  poor 
colours  when  dyed;  but  if  such  cloth,  after  being 
boiled,  is  spotted  with  a  weak  acid  before  dyeing, 
the  spots  take  twice  as  much  colour  as  the  other 
parts.  Probably,  an  advantage  of  the  addition  of 
sumac  in  dyeing  with  madder  and  logwood  proceeds 
from  its  disintegrating  power  on  the  oxides  or  earth. 
Again,  if  cloth  with  red  liquor  is  dunged  or  done 
off  hot,  it  never  gives  a  good  yellow.  It  is  probable 
that  a  great  cause  of  bad  purples  and  pale  reds  is 
from  making  use  of  too  high  a  temperature. 

'  Of  the  same  character  is  the  action  of  heat  on 
lemon  chromate  of  lead,  which  thereby  becomes 
bright  yellow,  and  much  more  durable;  but  after 
this  change  it  cannot  be  so  easily  converted  to 
chrome-orange  by  caustic  alkali.' 

Experiments  which  he  made  on  the  same  subject 
some  years  afterwards  led  him  to  conclude  that  by 
the  addition  of  '  farina  preparation '  (page  93)  this 
aggregation  of  the  mordants  by  heat  may  be  pre- 
vented.   He  found  that  if  cotton  printed  with  red 
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liquor  thickened  witli  British  gum  is  steamed,  '  done 
off'  at  a  moderate  heat,  and  dyed  in  garancin  at 
180°  Fahr.,  it  takes  the  colour  very  badly,  owing  to 
the  aggregation  of  the  alumina  during  steaming. 
Similar  cloth  aged  without  steaming  dyed  very  well 
indeed.  But  if  '  farina  preparation '  is  added  to  the 
red  liquor  mordant  it  may  be  steamed  twice,  if 
necessary,  without  the  colour-absorbing  power  of 
the  mordant  being  at  all  impaired.  The  addition  of 
farina  preparation  to  iron  liquors  was  found  to  give 
corresponding  results. 

§  XI.    DUNG-SUBSTITUTE  PATENT. 

Specification  of  patent  for  '  Certain  improved  prO" 
cesses  to  be  used  in  the  printing,  dyeing,  or  colouring 
of  cotton,  woollen,  silk,  or  other  cloths  and  yarns,^ 
granted  to  John  Mercer,  John  Dyneley  Prince,  and 
William  Blyth,  Aug.  1,  1839. 

'  In  the  first  process,  which  is  applicable  to  silk 
or  cotton  goods,  we  use  a  substitute  for  what  is 
commonly  called  dunging.  The  pieces,  after  being 
printed  with  different  strengths  of  what  is  commonly 
called  iron  liquor,  or  pyrolignite  of  iron,  and  different 
strengths  of  what  is  commonly  called  red  liquor,  or 
sulpho-acetate  of  alumina,  each  thickened  with  flour, 
starch,  or  some  kind  of  gum  in  the  usual  way,  are 
aged  or  exposed  to  the  air  as  usual  for  a  few  days, 
less  or  more  according  to  the  kind  of  mordants  they 
are  printed  with,  or  the  condition  or  state  of  the 
atmosphere.    When  they  have  been  properly  aged, 
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we  put  six  gallons  of  phosphate  of  soda  liquor  (pre- 
pared from  bones),  each  imperial  gallon  weighing 
lOJ  lbs.,  into  a  cistern  containing  600  gallons  of 
water,  and  furnished  with  a  series  of  rollers  in  the 
usual  way ;  and  having  the  liquor  nearly  boiling,  the 
pieces  are  passed  through  at  such  a  speed  that  every 
part  of  each  piece  may  be  in  thirty  seconds,  and  the 
pieces  to  go  through  at  the  rate  of  thirty  yards  in  a 
minute.  We  then  wash  the  pieces  and  rinse  them 
in  a  separate  vessel  from  fifteen  to  thirty  minutes, 
charged  with  300  gallons  of  water,  one  gallon  of 
phosphate  of  soda  liquor  weighing  10  J  lbs.,  and  two 
quarts  of  size  from  bones  weighing  eleven  pounds 
the  imperial  gallon,  and  kept  nearly  boiling.  When 
the  superficial  mordant  and  starch,  or  other  thicken- 
ing, is  removed,  the  pieces  are  washed  and  are  then 
ready  for  dyeing.  We  renew  the  first,  or  600  gallon 
cistern,  with  one  gallon  of  phosphate  of  soda  liquor 
to  every  fifty  pieces ;  and  the  second,  or  300  gallon 
cistern,  with  one  quart  of  phosphate  liquor  and  one 
pint  of  size  for  every  fifty  pieces ;  and  in  this  way 
we  go  on  renewing  until  we  have  done  from  fifteen 
hundred  to  three  thousand  pieces  of  light  work,  or 
one  thousand  pieces  of  heavy  work  before  we  empty 
the  cisterns  and  set  them  afresh.' 

§  XII.  OBSERVATIONS  ON  PREPARING  DELAINES.^ 

1.  'It  is  difficult  to  charge  woollen  goods  with 
tin  without  the  application  of  heat. 

^  Referred  to  page  89. 
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2.  ^By  running  the  cloth  through  stannate  of 
soda  there  is  not  much  tin  fixed  in  the  wool,  although 
quite  sufficient  for  the  cotton. 

3.  ^  Chlorine  prepares  wool  for  receiving  colours, 
but  if  there  is  no  tin  with  the  colour  the  shades  are 
dull  and  heavy,  although  sufficiently  deep. 

4.  'If  the  delaine  is  padded  in  strong  solution  of 
protochloride  of  tin,  with  a  large  excess  of  muriatic  or 
sulphuric  acid,  both  the  wool  and  the  cotton  become 
charged  with  tin.  Chemicking  then  changes  the 
protoxide  of  tin  to  peroxide,  and  also  efiects  the 
necessary  modification  of  the  wool  by  oxidation. 

5.  '  By  heating  the  delaine  in  solution  of  bi- 
sulphate  of  potash  before  padding  in  the  sulpho- 
muriate,  the  absorbing  power  of  the  wool  for  tin  is 
much  increased.    The  cloth  must  then  be  chemicked. 

6.  '  Or,  if  the  delaine  is  heated  in  a  mixture  of 
perchloride  of  tin  with  as  much  oxalic  acid  as  is 
necessary  to  form  a  binoxalate,  the  wool  also  becomes 
sufficiently  charged  with  peroxide  of  tin.  The  cloth 
should  next  be  padded  in  stannate  of  soda  and  after- 
wards soured  and  chemicked.  No  doubt  peroxalate 
of  tin  (made  by  oxidising  the  protoxalate  by  chlorate 
of  potash  with  addition  of  more  oxalic  acid,  at  a  very 
moderate  heat)^  might  be  advantageously  used  instead 
of  the  perchloride  and  oxalic  acid. 

7.  'I  believe  that  if  the  wool  of  the  delaine  is 

^  Another  method  practised  by  Mercer  for  preparing 
oxalate  of  peroxide  of  tin  will  be  found  elsewhere  in  this 
Appendix. 
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well  charged  with  tin  by  the  peroxalate,  then  padded 
with  stannate  and  well  soured,  only  a  little  chemick- 
ing  will  suffice  to  produce  good  work. 

8.  ^  But  if  the  sulpho-muriate  of  tin  has  to  be 
used,  more  chemicking  is  necessary,  this  being 
requisite  for  peroxidising  the  tin  as  well  as  for 
modifying  the  woollen  fibre/ — J.  M. 

In  a  subsequent  memorandum  he  observes  : — 
^  If  the  delaines  are  padded  in  stannate  of  soda, 
soured,  and  then  chemicked,  they  receive  colours  (or 
wet)  very  fairly ;  but  I  have  found  that  they  receive 
such  colours  (or  wet)  far  better  if  a  considerable 
quantity  of  free  acetic  acid  is  added  to  the  colour 
mixtures.' 


§  XIII.  PRINTING  MIXTURES  MADE  WITH  COLOUR 
PRECIPITATES  OR  LAKES. 

The  precipitates  referred  to  are  those,  the  pre- 
paration of  which  is  described  page  90,  ei  seq^. — 


Black,  for  machine  work  : — 
Logwood  precipitate  .       .       .       .4  gallons 
Oxalate  of  ammonia  .       .       .       .    1  lb. 
White  British  gum    ....    4  lbs. 

Brown. — Brazil  wood  precipitate  .       .    1  quart 
Quercitron  bark  precipitate        .       .    3  quarts 
Oxalic  acid        .       .       .       .       .6  ozs. 

Caustic  ammonia        .       .       .       .12'  spoons ' 

Starch       ......    10  ozs. 

British  gum,  No.  2     .       .       .       .    10  „ 
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Chocolate. — Brazil  wood  precipitate 
Logwood  precipitate  . 
Quercitron  bark  precipitate 
Oxalic  acid  .... 


8  quarts 
2  „ 
2  „ 
19  ozs. 

Heat  to  130°,  then  neutralise  with  ammonia  ;  when 
dissolved,  filter  through  calico  and  thicken  with 

Starch   

and  British  gum  .... 


Purple. — Logwood  precipitate 
Oxalate  of  ammonia  . 
Oxalic  acid 
Gum  liquor  of  40° 


\\  lb. 

-■•2  » 


1  gallon 
10  ozs. 

9 

1  gallon 


3  gallons 
3  'gills' 
19  ozs. 


Amaranth. — Brazil  wood  precipitate 
Logwood  precipitate  . 
Oxalic  acid  .... 

Heat  to  1 30°,  neutralise  with  ammonia,  and  thicken, 
if  for  block  rainbow  work,  with 

Ground  gum  11  to  12  lbs. 

or  if  for  '  blocking,'  with  \\  lb.  of  starch,  and  1^  lb.  of 
British  gum,  No.  2. 


§  XIV.  SPECIFICATION  OF  PATENT  GRANTED  TO  JOHN 
MERCER  AND  JOHN  BARNES  IN  1842,  FOR  ASSIST- 
ANT MORDANT  LIQUOR, 

'  which  when  combined  with  ordinary  mordants 
renders  them  more  effective  and  useful '  (page  93). 

'To  100  lbs.  of  potato  starch  we  add  37^  gallons 
of  water,  12  J  gallons  of  nitric  acid  of  commerce,  of 
1*300  sp.  gr.,  and  4  ounces  of  oxide  of  manganese. 
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The  chemical  action  which  takes  place  among  these 
ingredients  is  allowed  to  proceed  until  the  nitric  acid 
is  destroyed.  To  the  residuum  thus  produced  we 
add  50  gallons  of  pyroligneous  acid,  and  the  com- 
pound is  the  assistant  mordant  liquor  in  a  fit  state 
to  add  to  the  various  mordants  used  in  printing 
and  dyeing.  The  proportion  in  which  the  assistant 
mordant  liquor  must  be  added  to  produce  the  various 
improved  mordants  will  vary  according  to  the  che- 
mical properties  and  nature  of  the  mordant  to  which 
it  is  applied,  but  according  to  our  present  experience 
we  have  found  the  following  proportions  to  produce 
a  greatly  improved  article  (either  thickened  or  not, 
according  to  the  mode  in  which  it  is  to  be  applied). 
We  take 

Iron  liquor  (pyro-   Assistant  mordant  Water, 
lignite  of  iron).  liquor. 

For  black  .    1  gallon  .    1  gallon  .    1  gallon 

For  purple  .1     „  .2  gallons  .    6  gallons 

Paler  •    1  •    3     „  .    12  „ 

Still  paler  .    1     „  .    4     „  20  to  30  „ 

'  These  improved  articles  or  mordants  are  applied 
in  the  usual  way.'  A  similar  course  is  recommended 
for  aluminous  mordants  and  tin.  ^  For  dyeing  silk 
or  woollen  we  add  the  assistant  mordant  liquor  along 
with  the  tin,  iron,  or  aluminous  mordant,  either  with 
or  without  colouring  matter,  in  the  same  boiler  ;  but 
this  and  other  practical  arrangements  must  depend 
on  the  judgment  of  the  operator.' 

'  Our  aim  is  to  carry  on  the  decomposition  as  far 
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as  possible  without  forming  oxalic  acid,  and  as  little 
as  possible  of  carbonic  acid,  in  the  process.  This  is 
greatly  aided  by  the  manganese,  which,  by  its  cata- 
lytic action  prevents  the  formation  of  oxalic  acid. 
Although  we  have  found  potato  starch  to  answer 
well  in  the  process,  we  are  aware  that  all  starchy, 
saccharine,  or  gummy  substances  will  answer  the 
same  purpose ;  indeed,  all  such  like  substances  may  be 
used  as  contain  little  nitrogen,  and  where  the  oxygen 
and  hydrogen  are,  or  are  nearly,  in  the  proportion  to 
form  water.' 

§  XV.  SPECIFICATION  OF  PATENT  FOR  STANNATE 
AND  STANNITE  OF  SODA  GRANTED  TO  MERCER, 
GREENW6OD,  AND  BARNES,  1845. 

^To  make  stannate  of  soda  we  take  22  lbs.  of 
caustic  soda  liquor  (one  gallon  weighing  131  l^g.^  or 
1*350  sp.  gr.),  and  put  it  in  an  iron  crucible  heated 
to  low  redness  by  a  fire  underneath.  When  evapora- 
tion has  proceeded  so  far  that  watery  vapour  ceases  to 
be  evolved,  we  then  add  8  lbs.  of  nitrate  of  soda  and 
4  lbs.  of  chloride  of  sodium.  When  the  mixture  is 
at  or  near  the  fluxing  heat,  we  add  10  lbs.  of  feathered 
block  tin,  and  mix  the  materials  well  together  with 
an  iron  stirrer ;  the  mass  becomes  dark  coloured  and 
pasty,  and  ammonia  is  given  off,  the  tin  decomposing 
both  the  water  of  the  hydrate  of  soda  and  part  of 
the  nitrate  of  soda.  The  stirring  is  continued  as 
well  as  the  heat  under  the  crucible,  until  ignition  or 
deflagration  takes  place,  when  the  whole  mass  becomes 
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red  or  white  hot,  and  of  a  pasty  consistence :  it  is 
then  stannate  of  soda.  We  then  take  it  out  of  the 
crucible,  and  when  cold  grind  it  into  powder :  it  is 
then  ready  to  be  packed  for  delivery  to  the  printer 
and  dyer.  But  if  it  is  required  in  a  more  pure  state, 
we  merely  dissolve  the  dry  stannate  of  soda  in  water, 
allow  any  impurity  it  may  contain  to  settle,  and  evapo- 
rate the  clear  liquor  down  to  crystallisation  in  an  iron 
boiler ;  as  the  crystals  form  at  the  bottom  of  the  pan 
we  take  them  out  and  dry  them  on  hot  iron  plates,  or 
we  evaporate  all  down  to  a  pasty  state,  not  quite  dry, 
but  so  dry  as  not  to  let  any  liquid  run  from  it.' 

'  Should  stannite  be  required  in  the  place  of 
stannate,  then  we  take  4  lbs.  of  chloride  of  sodium, 
1  gallon  of  caustic  soda  liquor,  weighing  13^  lbs., 
1  lb.  of  nitrate  of  soda,  and  4  lbs.  of  feathered  block 
tin ;  we  put  all  these  at  once  into  a  hot  iron  crucible, 
over  a  fire,  and  stir  and  boil  to  dryness,  and  continue 
stirring  the  dry  powder  as  long  as  any  ammonia  is 
given  off.  When  the  ammonia  is  no  longer  dis- 
engaged we  consider  the  process  finished  and  remove 
the  contents  from  the  crucible.  This  is  what  we 
call  stannite  of  soda,  which  difiers  from  stannate,  in- 
asmuch as  the  tin  in  the  former  is  combined  with 
only  half  as  much  oxygen  as  in  the  latter.' 

^  In  order  to  obtain  tin  preparing  liquor  we  take 
the  stannate  of  soda  and  dissolve  it  in  boiling  water, 
about  3  lbs.  to  1  gallon,  and  add  that  to  3,  4,  or  5 
gallons  of  cold  water  to  form  the  strength  required 
for  the  different  styles  of  work  according  to  the  dis- 
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cretion  of  the  printer.  We  make  a  solution  of 
stannite  of  soda  in  a  similar  manner.' 

A  few  years  later  a  patent  was  granted  to  Messrs. 
Mercer  and  Blyth  for  the  preparation  of  a  mixture 
or  combination  of  arseniate  or  phosphate  of  soda  with 
stannate  of  soda,  which  for  some  purposes  appears  to 
possess  advantages  over  the  simple  stannate.  These 
compounds  are  known  as  the  arsenio-stannate  and 
phospho-stannate  of  soda.  The  patent  process  for 
making  the  former,  which  is  the  most  important, 
consists  in  dissolving  in  1  gallon  of  stannate  of  soda 
liquor  of  about  50°  Tw.,  \\  lb.  of  arseniate  of  soda 
(made  by  fluxing  together  equal  weights  of  arsenfous 
acid  and  nitrate  of  soda)  and  evaporating  the  liquor 
in  an  iron  pot  until  it  forms  a  firm  solid  on  cooling, 
when  it  is  transferred  to  a  suitable  iron  receptacle. 
The  solution  of  this  material  was  used  in  dyeing  and 
printing  cottons  and  delaines  in  the  same  way  as  that 
of  the  common  stannate. 

So  far  back  as  1828  Mercer  had  used  a  somewhat 
similar  compound,  prepared  by  adding  arseniate  of 
potash  to  perchloride  of  tin,  and  then  adding  excess 
of  carbonate  of  potash.  The  precipitate  at  first  pro- 
duced is  redissolved  by  the  alkaline  carbonate,  form- 
ing a  perfectly  clear  liquor,  which  stands  any  degree 
of  dilution  without  becoming  turbid.  He  considered 
the  best  proportions  for  dyeing  to  be  one  equivalent 
of  arseniate  to  two  equivalents  of  tin.  Acetic  acid 
precipitates  the  whole  of  the  peroxide  of  tin.  Either 
that  acid  or  sulphate  of  zinc  was  used  for  '  fixing.' 
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§  XVI.     LETTER  TO  DR.  PLAYFAIR  DESCRIBING 
EXPERIMENTS  ON  BLEACHING-POWDER. 

In  answer  to  a  letter  of  inquiry  from  Dr.  Play- 
fair  relating  to  his  experiments  on  bleaching-powderj 
Mercer  wrote  (Nov.  11,  1841):  .  .  .  'I  have  been 
repeating  my  old  experiments  on  solutions  of  chloride 
of  lime  and  nitrate  of  copper.  I  used  a  solution  of 
nitrate  of  copper  of  sp.  gr.  12*5°  Tw.,  or  one  equiva- 
lent^ per  gallon.  This  I  prepared  by  mixing  a 
solution  of  16  ounces  of  crystallised  sulphate  of 
copper  with  a  solution  of  20  ounces  of  nitrate  of 
lead ;  the  liquor,  with  washings  of  the  precipitated 
sulphate  of  lead,  being  made  into  one  imperial  gallon. 
This  liquor  stood  at  12*5°  Tw.  The  acetate  of  lead  is 
not  quite  equivalent  to  the  copper,  but  the  presence 
of  a  little  sulphate  does  not  affect  the  result.  I  then 
took  a  solution  of  chloride  of  lime  of  13°  Tw.,  ascer- 
tained its  proportion  of  available  chlorine  by  yellow 
prussiate  of  potash,  and  diluted  it  so  that  one  gallon 
oxidised  53 J  ounces  of  yellow  prussiate;  or  one 
gallon  contained  one  equivalent  (4*5  ounces)  of  avail- 
able chlorine.  Its  specific  gravity  was  10*5°  Tw.  In 
respect  of  available  chlorine  and  salt  of  copper,  the 
two  solutions  are  therefore  equivalent.  The  muriate 
of  lime,  of  which  common  bleaching  powder  always 
contains  more  or  less,  may  be  disregarded.    Now,  on 

^  That  is,  the  number  of  ounces  of  the  atomic  weight, 
taking  oxygen  as  1*0. 
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the  old  theory,  or  Millon's,  all  the  lime  (with  the  ex- 
ception of  a  little  free  lime,  and  muriate  from  imper- 
fect manufacture)  is  united  with  chlorine  thus,  CaO, 
Ci.  If  so,  the  decomposition  by  nitrate  of  copper, 
added  by  successive  portions,  ought  to  give  similar 
results  throughout  from  first  to  last,  until  equal 
volumes  of  the  two  liquids  have  been  mixed.  But  if 
Balard's  views  are  correct,  namely,  that  the  lime  is 
divided  equally  between  hydrochloric  acid  and  hypo- 
chlorous  acid,  or  CaCl  +  CaO,  CIO,  then  a  difference 
ought  to  be  perceptible  on  the  addition  of  the  first 
and  second  equal  portions  of  the  nitrate  of  copper. 
Well,  I  took  a  gill  (10  ounce  measure)  of  the  above 
chloride  of  lime  solution,  diluted  it  with  3  measures 
of  water,  added  10  or  12  drops  of  nitrate  of  copper 
solution  for  the  free  lime,  and  then  added  gradually 
half  a  gill  (5  ounce  measure)  of  the  nitrate  of  copper. 
Oxide  of  copper  was  precipitated  of  a  greenish  colour, 
but  on  the  addition  of  more  nitrate  of  copper  there 
was  no  further  precipitate ;  all  the  additional  copper 
remained  in  solution.  This  shows  that  the  hypo- 
chlorite of  lime  is  decomposed  by  the  nitrate  of 
copper;  oxide  of  copper  is  precipitated,  because 
hypochlorous  acid  does  not  retain  it  in  solution.  The 
liquid  acquires  only  a  feeble  odour,  which  is  not  that 
of  free  chlorine. 

'  Decomposition  of  the  free  hypochlorous  acid, 
with  disengagement  of  oxygen  gas,  soon  takes  place, 
through  the  catalytic  influence  of  the  precipitated 
oxide  of  copper;  but  on  testing  the  clear  liquid  I 
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found  that  it  retained  five-sixths  of  the  bleaching 
property  of  the  original  liquor.  By  adding  excess  of 
nitrate  of  copper,  the  catalytic  decomposition  is  re- 
tarded, and  the  top  liquor  acquires  a  fine  pale  purple 
colour.  But  if  there  is  no  copper  in  solution,  and 
lime  is  added  to  combine  with  the  hypochlorous  acid, 
and  also  a  slight  excess,  the  catalytic  decomposition 
proceeds  vigorously,  and  the  green  coppery  precipi- 
tate becomes  black  or  dark  brown.  The  green  pre- 
cipitate, after  being  washed  on  a  filter,  was  not 
altered  by  hot  water,  nor  by  a  mixture  of  lime  and 
cold  water,  but  it  immediately  became  black  when 
mixed  with  hypochlorous  acid  and  lime.  I  believe 
the  green  precipitate  contains  very  little  chlorine  or 
hypochlorous  acid.  When  mixed  with  dilute  sul- 
phuric acid,  it  acts  very  feebly  on  indigo-dyed 
cotton.  There  is  a  little  disengagement  of  gas  and 
smell  of  chlorine.  But  the  dark  brown  copper 
compound  contains  no  chlorine  in  any  state.  It  con- 
tains more  oxygen  than  the  black  oxide.  When  it  is 
dropped  into  dilute  sulphuric  acid,  a  strong  efferves- 
cence takes  place  of  oxygen  gas :  this  mixture  does 
not  bleach  indigo-dyed  cotton.  But  when  dropped 
into  dilute  muriatic  acid,  it  disengages  chlorine  and 
bleaches  indigo,  after  first  showing  the  peculiar  buff 
colour.  Ammonia  dissolves  this  copper  compound 
partially ;  what  remains  undissolved  is  rather  lighter 
in  colour ;  it  is  probably  an  amide  of  some  sort. 

'The  following  is  a  very  striking  experiment. 
Mix  four  ounces  of  bleaching  powder  well  with 
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water  in  a  mortar ;  then  add  three  or  four  "  gills  "  of 
warm  water  and  half  a  "  spoon  "  of  nitrate  of  copper 
solution  (12-5°  Tw.).  The  mixture  assumes  a  beauti- 
ful purple  colour,  and  pure  oxygen  gas  comes  off  in 
abundance.  With  a  little  more  copper  the  action  is 
still  more  rapid.  This  action  must  be  what  is  called 
"  catalytic."  It  may  be  started  by  even  a  few  drops 
of  nitrate  of  copper  solution,  or  by  a  few  grains  of 
black  oxide  of  copper,  or  copper  turnings  when  oxi- 
dised. 

'  I  have  other  reasons  for  adopting  Balard's  theory 
besides  what  I  have  described. 

'  If  we  add  to  bleaching-liquor  just  enough  nitrate 
of  copper,  or  nitrate  of  alumina,  or  some  acid,  to 
unite  with  the  lime  of  the  hypochlorite,  so  as  to 
set  free  hypochlorous  acid  without  any  free  muriatic 
acid,  could  we  not  obtain  hypochlorous  acid  from 
such  a  mixture  by  distillation  ? ' 

§  XVII.    ON  BASIC  CHLORIDES  OF  ALUMINUM. 

To  obtain  basic  chlorides  of  aluminum.  Mercer 
began  by  preparing  normal  chloride,  free  from  sul- 
phate, by  decomposing  solution  of  potash  alum  with 
chloride  of  barium.  From  two  measures  of  the 
chloride  liquor  he  precipitated  all  the  alumina  by 
carbonate  of  ammonia;  and  after  washing  the  pre- 
cipitate dissolved  it  in  one  measure  of  the  chloride 
liquor.  This  solution  (A)  therefore  contained  one- 
third  the  normal  proportion  of  acid. 
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To  a  portion  of  A  he  added  ammonia  (as  car- 
bonate) sufficient  to  combine  with  one-half  the  acid 
of  the  chloride ;  and  obtained  a  perfectly  transparent 
solution,  containing,  therefore,  one-sixth  the  propor- 
tion of  acid  in  normal  aluminous  salts  (B). 

To  another  portion  of  A  he  added  ammonia  (as  car- 
bonate) equivalent  to  two-thirds  the  acid  present  as 
chloride.  The  precipitate  was  completely  redissolved. 
The  proportion  of  acid  to  base  was  therefore  one- 
ninth  that  of  the  normal  salts  (C). 

Each  of  these  solutions  retained  its  transparency 
when  heated,  even  after  dilution  with  pure  water. 
Their  most  remarkable  property  observed  by  Mercer 
consisted  in  affording  a  white  flocculent  precipitate 
on  the  addition  of  a  solution  of  a  sulphate,  even  in 
very  minute  quantity,  whether  the  liquid  were  hot 
or  cold.  No  change  appeared  on  adding  nitrate  of 
potash. 

Neither  potato  starch  nor  British  gum  formed 
any  precipitate  or  muddiness  in  A,  B,  or  C,  whether 
hot  or  cold,  strong  or  weak;  but  gum- water  pro- 
duced flakes  in  each  of  the  solutions. 

A  solution  of  isinglass  produced  no  apparent 
change  in  A.  In  B  it  produced  a  muddy  and  curdy 
appearance,  which  disappeared  on  applying  heat.  In 
C  it  formed  a  strong  white  solid  clot,  which  was  not 
dissolved  by  heating. 

Oxalate  of  soda  produced  in  each  of  these  solu- 
tions a  very  white  precipitate,  which  was  not  redis- 
solved by  heating,  nor  by  large  dilution  with  water. 
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When  added  to  weak  Brazil-wood  liquor,  neither 
A,  B,  nor  C  produced  a  precipitate.  When  the 
mixture  of  Brazil-wood  liquor  with  A  was  spotted 
on  calico,  the  colour  ran  very  nearly  as  far  as  the 
liquid,  but  with  B  and  C  the  colour  was  absorbed  by 
the  cloth,  not  running  far,  and  giving  a  well-defined 
edge. 

§  XVIII.  SPECIFICATION  OF  PATENT  GRANTED  TO  JOHN 
MERCER  AND  JOHN  GREENWOOD  FOR  'CERTAIN 
IMPROVEMENTS  IN  DYEING  AND  PRINTING  TURKEY 
RED  AND  OTHER  COLOURS.'  1846. 

'  Our  invention  relates,  first,  to  preparing  oil  for, 
and  applying  the  same  to,  fabrics  in  the  process  of 
dyeing  and  printing  Turkey  red.  Secondly,  our 
invention  relates  to  improvements  in  applying  oil  to 
goods  or  fabrics  which  are  to  be  afterwards  oxidised. 
Thirdly,  our  invention  relates  to  improvements  in 
the  means  used  in  oxidising  goods  or  fabrics  which 
have  been  oiled  for  the  processes  of  dyeing  or  print- 
ing Turkey  red ;  and  such  means  of  oxidising  fabrics 
are  applicable  in  the  processes  of  dyeing  and  printing 
other  colours  when  a  process  of  oxidising  is  required. 
Fourthly,  our  invention  relates  to  the  preparation  of 
an  oil  mixture  to  be  used  with  blocks  or  machines,  as 
hereinafter  described.  And,  fifthly,  our  invention 
relates  to  the  use  of  a  preparation  of  silica  in  dyeing 
and  printing,  as  hereinafter  described. 

'  Heretofore,  when  dyeing  and  printing  Turkey 
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red,  it  has  been  usual  to  prepare  the  fabrics  or  goods 
with  oil,  and  the  goods  or  fabrics  have  been  then 
subjected  to  alkali  and  then  oxidised;  and,  in  other 
cases,  the  oil  has  been  combined  with  alkali  and 
then  applied  to  the  goods  or  fabrics,  and  the  same 
have  then  been  oxidised;  all  which  processes  are 
well  known,  and  therefore  do  not  require  to  be 
further  noticed  in  this  our  specification.  The  first 
part  of  our  invention,  as  above  stated,  relates  to 
preparing  oil  for,  and  applying  the  same  to,  goods 
or  fabrics  in  dyeing  or  printing  Turkey  red.  The 
oil  we  prefer  to  use  in  carrying  out  the  first  part  of 
our  invention  is  olive  oil,  though  other  vegetable  oils 
produce  (when  treated  according  to  our  invention) 
a  similar  effect ;  but  their  use  is  not,  so  far  as  we 
are  informed  on  the  subject,  so  useful  as  olive  oil. 

'  The  first  part  of  our  invention  consists  in  pre- 
paring what  we  call  sul^hated  oil,  and  applying  the 
same  to  the  processes  herein  mentioned.  For  this 
purpose  we  take  at  the  rate  of  one  part  by  measure 
of  sulphuric  acid  of  commerce  for  every  eight  mea- 
sures of  olive  oil ;  we  mix  the  same  and  stir  them 
frequently  during  ten  days ;  we  then  add  three  or 
four  gallons  of  water,  stir  the  mixture  well,  adding 
three  or  four  pounds  of  common  salt,  and  then  allow 
the  whole  to  stand ;  the  oil  will  separate  and  may  be 
drawn  ofi"  clear :  this  for  convenience  of  description 
we  will  call  sulphated  oil  A.  For  each  gallon  of  this 
oil  we  take  nine  gallons  of  solution  of  hypochlorite 
of  soda,  which  we  prepare  in  the  following  manner. 
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We  take  sixteen  pounds  of  crystallised  carbonate  of 
soda  of  commerce,  dissolved  in  two  quarts  of  water, 
and  ten  gallons  of  chloride  of  lime  (bleaching-powder) 
liquor  at  12°  Twad. ;  we  mix  these  materials  well 
together,  and  after  allowing  the  same  to  stand,  we 
draw  off  the  clear  liquor,  which  we  employ  as  above 
mentioned.  We  heat  the  mixture  of  sulphated  oil 
A  and  chloride  of  soda  by  any  convenient  means, 
preferring  a  pipe  heated  by  steam,  and  boil  the 
mixture  until  the  same  ceases  to  bleach  a  piece  of 
cotton  dyed  of  a  pale  blue  colour  by  indigo;  or  in 
place  of  applying  heat,  we  use  a  diluted  acid  (pre- 
ferring sulphuric,  diluted  in  the  proportion  of  one 
measure  of  concentrated  acid  to  twenty-four  measures 
of  water),  and  we  add  and  stir  in  the  diluted  acid,  in 
portions,  at  intervals,  allowing  time  to  prevent  as 
much  as  possible  the  escape  of  free  chlorine ;  and 
when  the  mixture  no  longer  bleaches  a  piece  of  cotton 
dyed  light  blue  by  indigo,  the  process  will  be  com- 
plete. Or  we  treat  the  sulphated  oil  A  with  atmo- 
spheric air  and  steam,  for  which  purpose  we  mix  at 
the  rate  of  one  gallon  of  the  oil  with  one  gallon  of 
water,  and  force  streams  of  heated  atmospheric  air 
through  a  suitably  perforated  pipe  or  other  suitable 
apparatus,  such  as  are  well  understood  and  have 
before  been  used  when  applying  streams  of  heated 
air  or  steam  to  fluids  for  other  purposes.  We  prefer 
that  the  air  should  be  heated  to  220°  Fahr.,  and  keep 
up  the  process  for  ten  days.  We  find  that  the 
process  is  quickened  by  adding  one  gallon  of  cow- 
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dung  water  and  one  gallon  of  bran  water  made  with 
two  pounds  of  bran ;  or  instead  thereof  one-eighth  of 
a  gallon  of  linseed  oil ;  or  we  use  eight  ounces  of 
sulphate  of  copper  and  eight  ounces  of  common  salt. 
When  using  cold  atmospheric  air  we  employ  steam 
by  a  perforated  tube,  so  that  the  agitation  of  the 
surface  favours  the  action  of  the  atmosphere  on  the 
oil ;  but  this  process  of  oxidation  is  slow  when  com- 
pared with  forcing  heated  air  through  the  oil ;  or 
when  compared  with  alternately  causing  streams  of 
steam  and  cold  air  alternately  to  pass  through  the 
oil.  The  oil,  instead  of  being  first  sulphated  as 
above  explained,  may  be  treated  in  the  same  manner, 
and  we  find  it  desirable  to  prepare  both  sulphated 
oil,  and  oil  without  that  process,  as  above  explained, 
and  we  use  them  as  hereinafter  described.  The  first 
we  call  sulphated  oxidised  oil,  and  the  other  we  call 
oxidised  oil. 

'  Another  mode  of  manufacturing  sulphated  oxi- 
dised oil,  according  to  our  invention,  is  as  follows. 
We  mix  at  the  rate  of  one  part  by  measure  of  strong 
sulphuric  acid  with  eight  measures  of  olive  oil,  and 
stir  the  mixture  often  during  twenty-four  hours ;  to 
this  mixture  we  add  at  intervals  twenty  ounces  of 
chlorate  of  potash  dissolved  in  two  quarts  of  boiling 
water,  to  each  gallon  of  oil,  and  stir  until  the  action 
ceases ;  we  then  wash  away  the  acids  and  salts  by 
water  by  stirring  in  two  gallons  of  water  for  each 
gallon  of  oil,  then  allow  them  to  stand,  and  draw 
off  the  water ;  and  repeat  the  washing  in  the  same 
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manner  with  two  more  gallons  of  water.  Or  (instead 
of  the  chlorate  of  potash  above  mentioned)  we  employ 
forty  ounces  of  bichromate  of  potash  dissolved  in  five 
pints  of  water,  and  proceed  in  the  same  manner  as 
before  described ;  or  in  place  of  the  above  we  employ 
forty  ounces  of  nitrate  of  soda  or  of  potash  in  the  state 
of  powder,  and  one  pint  of  water,  and  proceed  in  the 
manner  above  described.  By  either  of  the  above 
processes  we  obtain  a  preparation  of  sulpliated  oxidised 
oil^  and  having  prepared  the  oils  as  above  explained, 
they  are  to  be  used  when  dyeing  and  printing  Turkey 
red ;  for  which  purpose  we  take  two  quarts  of  either 
of  the  sulphated  oxidised  oils  above  described,  and 
two  quarts  of  oxidised  oil,  and  to  these  we  add  twelve 
gallons  of  pearlash  liquor  of  2°  Twad.  The  goods  or 
fabrics  are  to  be  impregnated  with  this  oil  liquor 
four  times,  and  dried  after  each  time  in  a  hot  flue  or 
stove ;  the  goods  or  fabrics  are  then  to  be  impreg- 
nated twice  with  pearlash  liquor  of  6°  Twad.,  and 
dried  in  a  hot  stove  or  flue  after  each  time  of  im- 
pregnating; then  finishing  at  the  temperature  of  180° 
Fahr.  for  upwards  of  three  hours ;  the  goods  or  fabrics 
are  then  to  be  rinsed  in  pearlash  liquor  of  1°  Twad., 
then  washed  and  afterwards  dried  at  about  140°  Fahr. ; 
the  goods  are  then  ready  for  the  usual  mordants  and 
after  processes  as  well  understood. 

^  We  will  now  proceed  to  describe  the  second  part 
of  our  invention,  which  relates  to  improvements  in 
applying  oil  to  goods  or  fabrics,  to  be  afterwards 
oxidised  for  the  processes  of  dyeing  and  printing 


APPENDIX. 


Turkey  red.  We  take  at  the  rate  of  one  pint  of 
either  carbonate  or  caustic  potash  or  soda  liquor  at 
70°  Twad. ;  we  prefer  the  carbonate  and  caustic  in 
equal  parts ;  we  heat  the  same  until  watery  vapours 
cease  to  be  evolved ;  to  this  we  add  two  gallons  of 
olive  oil  and  heat  the  mixture  to  about  300°  Fahr., 
and  keep  the  same  so  heated  until  the  oil  has  dis- 
solved all  the  alkali  and  the  watery  vapours  and 
carbonic  acid  have  been  driven  off,  as  will  be 
indicated  by  the  subsidence  of  all  froth  on  the  sur- 
face, and  the  mixture  becoming  clear.  The  mixture 
is  then  allowed  to  cool  below  212°  Fahr.,  and  we  then 
mix  therewith  two  gallons  of  water.  We  would  here 
remark  that  we  find  that  time  may  be  saved  in  the 
above  process  by  removing  the  scum  in  the  early 
part  of  the  process,  and  returning  it  towards  the  end 
of  the  process.  This  preparation  of  oil  is  to  be 
applied  to  goods  or  fabrics,  and  may  be  oxidised  in 
the  ordinary  manner,  as  is  well  understood,  but  we 
prefer  the  oxidising  process  to  be  carried  on  accord- 
ing to  either  of  the  processes  hereafter  described. 
When  we  wish  to  employ  this  preparation  of  oil  for 
printing,  then  we  use  a  calico  printer's  padding  pin 
slash  or  other  engraved  cylinder,  and  dry  the  goods 
in  the  way  usually  practised  by  calico  printers.  The 
goods  are  then  to  be  impregnated  with  pearlash 
liquor  of  6°  Twad.  three  or  four  times,  drying  after 
each  time  in  a  hot  stove  or  flue.  They  are  then  to 
be  oxidised,  which  we  prefer  doing  by  either  of  the 
two  processes  hereafter  described.    The  goods  are 
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then  to  be  impregnated  with  pearlash  liquor  of 
6°  Twad.,  and  dried  in  a  hot  stove  or  flue,  finishing  at 
a  temperature  at  or  above  180°  Fahr.  for  three  hours ; 
then  rinse  the  goods  in  pearlash  liquor  of  1°  Twad., 
wash  them  in  water,  and  dry  them  at  about  140° 
Fahr.,  when  the  goods  will  be  ready  for  the  usual 
mordants  and  after  processes.  When  this  oil  is  to  be 
applied  to  impregnate  goods  or  fabrics  in  substitu- 
tion of  the  old  oiling  process,  we  take  two  gallons  of 
this  oil  mixture  and  mix  therewith  ten  gallons  of 
pearlash  liquor  of  1°  Twad.,  and  impregnate  the 
goods  with  this  liquor  three  or  four  times,  drying 
after  each  time  in  a  hot  stove  or  flue.  The  goods  are 
then  to  be  oxidised,  which  we  prefer  to  be  done  by 
either  of  the  processes  hereafter  described,  after 
which  the  further  processes  are  to  be  pursued,  as  just 
described.  Or  we  employ  the  sulphated  oil  A,  and 
mix  one  gallon  of  the  same  with  nine  gallons  of 
pearlash  liquor  of  2°  Twad.,  and  impregnate  the 
goods  therewith  three  or  four  times,  drying  after  each 
time  in  a  hot  stove  or  flue,  and  proceed  precisely  as 
last  above  described ;  but  we  prefer  to  combine  the 
sulphated  oil  A  and  the  prepared  oil  above  described 
in  equal  quantities. 

'  We  will  now  proceed  to  describe  the  third  part 
of  our  invention,  which  relates  to  a  mode  of  oxidising 
goods  or  fabrics  which  have  been  oiled  according  to 
the  means  heretofore  practised,  or  when  prepared 
with  oil  according  to  the  means  described  in  the 
second  part  of  our  invention.    One  mode  of  oxidising 
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consists  in  the  use  of  an  oxidising  cliamber,  wliicli, 
we  believe,  may  be  best  built  of  stone.  We  hang  or 
suspend  the  goods  in  a  chamber  which  can  be  closed, 
and  into  this  chamber  we  cause  an  oxidising  vapour 
to  pervade,  and  for  which  purpose  we  take  one  gallon 
of  solution  of  chloride  of  lime  of  9°  Twad.  for  every 
pint  of  oil  in  the  goods,  and  to  this  solution  for  each 
gallon  we  add  five  ounces  of  muriate  of  ammonia 
dissolved  in  a  pint  of  boiling  water ;  we  place  these 
matters  in  a  suitable  vessel  with  a  suitable  pipe  into 
the  chamber;  we  close  the  vessel  and  heat  it  to  150° 
Fahr. ;  the  vapours  will  flow  into  the  chamber  and 
oxidise  the  goods.  We  have  found  that  the  vapour 
of  water  aids  in  this  process,  for  which  reason  we 
have  the  floor  of  the  chamber  wet ;  or  we  admit  steam 
into  the  chamber,  taking  care  that  the  goods  are  not 
rendered  wet  thereby.  This  process  of  oxidising  will 
be  found  to  take  about  six  hours. 

'  Another  mode  of  oxidising  goods  according  to 
this  part  of  our  invention  is  to  use  atmospheric  air 
and  steam,  either  together  or  forced  into  contact 
with  the  goods  alternately.  This  may  be  performed 
in  a  chamber  such  as  above  described,  allowing  a 
vent  for  the  egress  of  the  air  and  steam ;  or  what 
we  prefer  is  to  employ  perforated  cylinders  or  rollers, 
such  as  those  used  by  calico  printers,  and  the  goods 
(eight  or  ten  pieces  thereof)  are  to  be  wound  round 
such  rollers  or  cylinders  ;  then  by  a  fan  or  other  blow- 
ing apparatus  we  cause  air  to  pass  into  a  suitable 
heating  apparatus,  so  as  to  heat  the  same  to  160°  to 
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200°  Fahr.,  as  is  well  understood,  and  then  into  the 
interior  of  such  rollers  or  cylinders  in  such  manner 
as  to  pass  through  the  goods  thereon ;  we  keep  up 
such  flow  of  heated  air  for  ten  minutes,  then  apply 
steam  to  the  interior  of  the  rollers  or  cylinder  for 
ten  minutes,  then  heated  air,  and  so  on  for  two  hours. 
The  goods  oxidised  by  either  of  these  two  methods 
are  then  to  be  impregnated  with  pearlash  liquor  of 
6°  Twad.  as  before  explained.  We  would  remark  in 
respect  to  this  part  of  our  invention  that  besides 
oxidising  goods  which  have  been  treated  with  oil  for 
dyeing  and  printing  Turkey  red,  the  means  herein 
described  may  be  applied  for  oxidising  fabrics  in  the 
processes  of  dyeing  and  printing  other  colours  in 
those  cases  when  the  process  of  oxidising  is  neces- 
sary, such  as  steam  colours  in  cotton  and  silk 
printing. 

*  We  will  now  proceed  to  describe  the  fourth 
part  of  our  invention,  which  relates  to  a  preparation 
of  oil  for  printing  fabrics  with  blocks  or  machines. 
For  this  purpose  we  take  one  gallon  of  the  sulphated 
oil  A  (or  equal  parts  of  such  sulphated  oil  A  and 
either  of  the  oxidised  oils  above  described),  and  we 
take  two  gallons  of  calico  printer's  red  liquor  at  18* 
Twad.  and  one  quart  of  pearlash  liquor  at  64° 
Twad. ;  we  mix  one-half  of  the  pearlash  liquor  with 
the  red  liquor,  and  then  mix  as  much  of  this  red 
liquor  with  the  oil  as  it  will  take  ;  when  it  will  not 
take  more  we  add  the  remainder  of  the  pearlash 
liquor  to  the  mixture ;  then  the  remaining  red  liquor 
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by  portions  at  a  time ;  and  when  it  will  not  take 
more  we  add  one  quart  of  oil  of  turpentine.  This 
mixture  will  be  of  a  nice  consistency  for  printing, 
and  we  use  it  with  blocks  or  machines;  hang  the 
goods  in  a  warm  room  two  or  three  days,  then  dung 
off  in  a  mixture  of  dung  and  sumac,  valonia  or  quer- 
citron bark  at  180°  Fahr.,  as  is  well  understood ;  the 
goods  are  then  to  be  washed  and  dyed  with  quercitron 
bark,  then  exposed  on  the  bleach  fields  three  or  four 
days ;  the  fabrics  are  then  to  be  dried  at  about  100° 
Fahr.,  and  afterwards  dyed  with  madder  and  quer- 
citron bark ;  the  fabrics  are  then  to  be  cleaned  after 
the  manner  of  Turkey  red,  except  that  we  use  no 
alkali  with  the  soap  ;  we  then  brighten  in  a  mixture 
of  soap  and  tin  material  in  the  usual  manner. 

^  We  will  now  describe  the  fifth  part  of  our  inven- 
tion. We  take  silicate  of  potash  or  soda,  made  by  flux- 
ing together  three  pounds  of  pearlash  and  two  pounds 
of  silica  or  powdered  flint,  and  make  a  solution  in  water 
in  the  usual  way.  We  take  one  gallon  of  solution  of 
such  silicate  of  potash  at  12°  Twad.,  and  add  to  it 
half  a  pint  of  sulphuric  acid  of  68°  Twad.  and  one  and 
a  half  pint  of  acetic  acid  of  8°  or  9°  Twad. ;  this 
forms  a  clear  solution,  and  will  keep  six  or  eight 
days  without  becoming  gelatinous.  We  apply  such 
silicate  by  impregnating  the  goods  or  fabrics  there- 
with and  dry  them ;  then  run  the  goods  or  fabrics 
through  a  solution  of  muriate  of  ammonia  containing 
from  three  to  four  ounces  of  that  substance  in  each 
gallon  of  water,  and  then  wash  in  water  ;  the  goods 
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when  dried  are  ready  for  the  mordant.  Or  the  goods  or 
fabrics  are  impregnated  with  the  solution  of  silica  and 
hung  up  for  a  day,  after  which  they  are  ready  for  the 
mordant,  or  steam  colours.' 

• 

§  XIX.  SPECIFICATION  OF  ANOTHER  PATENT  GRANTED 
TO  MERCER  AND  GREENWOOD  IN  1852  FOR  IM- 
PROVEMENTS IN  THE  OILING  PROCESS  IN  TURKEY 
RED  DYEING. 

^  We  take  cotton  cloth  or  other  fabric  in  the  usual 
partially  bleached  state,  and  wet  it  with  water  or  with 
a  watery  solution  of  carbonate  of  potash  or  soda  con- 
taining four  to  five  ounces  per  gallon.  We  prefer  wet- 
ting the  cloth  or  fabric  by  the  padding  machine,  and 
whilst  in  this  wet  state  we  pass  it  through  olive  oil 
at  a  heat  below  that  of  boiling  water,  preferring  from 
140°  to  160°  Fahr.  The  oil  is  contained  in  a  cistern 
having  a  series  of  rollers,  and  at  the  end  a  pair  of 
padding  bowls ;  the  wet  cloth  is  made  to  pass  through 
the  oil  and  under  and  over  the  rollers  immersed 
therein,  then  through  the  padding  bowls.  The  cloth 
or  fabric  is  then  taken  to  the  stove  and  dried  at  160° 
to  180°  Fahr. ;  afterwards  it  is  alternately  acted  on 
with  dilute  solution  of  carbonated  alkalies  and  stoved 
in  the  usual  well-known  manner.  Or  in  place  of 
using  the  oil  at  a  temperature  below  that  of  boiling 
water,  it  may  be  heated  above  that  degree,  in  which 
case  we  prefer  to  raise  it  to  a  temperature  from  240° 
to  300°  Fahr.,  and  proceed  in  all  other  respects  as 


APPENDIX. 


317 


above  described.  We  prefer  olive  oil  in  which  have 
been  dissolved  six  to  eight  ounces  of  carbonate  of 
potash  or  soda  to  the  gallon  ;  similar  to  what  is  stated 
in  the  second  part  of  the  specification  of  the  patent 
granted  to  us  in  1846.' 

§  XX.  SPECIFICATION  GF  PATENT  GEANTED  TO  JOHN 
MERCER  IN  1850  FOR  '  IMPROVEMENTS  IN  THE 
PREPARATION  OF  COTTON  AND  OTHER  FABRICS  AND 
FIBROUS  materials':  THE  MERCERISING  PROCESS. 

'My  invention  consists  in  subjecting  vegetable 
fabrics  and  fibrous  materials,  cotton,  flax,  &c.  either 
in  the  raw  or  manufactured  state,  to  the  action  of 
caustic  soda  or  caustic  potash,  dilute  sulphuric  acid 
or  chloride  of  zinc,  of  a  strength  and  temperature 
sufficient  to  produce  the  new  effects  and  to  give  the 
new  properties  which  I  have  hereinafter  described. 

'  The  mode  I  adopt  of  carrying  into  operation  my 
invention  to  cloth  made  from  any  vegetable  fibre,  and 
bleached,  is  as  follows.  I  pass  the  cloth  through  a 
padding  machine  charged  with  caustic  soda  or  caustic 
potash  of  sp.  gr.,  say,  60°  to  70°  Twad.,  at  the  common 
temperature,  say,  60°  Fahr.  or  under,  and  without  dry- 
ing the  cloth  wash  it  in  water,  then  pass  it  through 
dilute  sulphuric  acid  and  wash  again  ;  or  I  run  the 
cloth  over  and  under  a  series  of  rollers  in  a  cistern 
with  caustic  potash  or  soda  of  sp.  gr.  from  40°  to  50° 
Twad.,  at  the  common  atmospheric  temperature ; 
the  last  two  rollers  being  so  set  as  to  squeeze  the 
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excess  of  potash  or  soda  back  into  the  cisterns  ;  the 
cloth  then  passes  over  and  under  rollers  placed  in  a 
series  of  cisterns  charged  at  the  commencement  of 
the  operation  with  water  only,  so  that  at  the  last 
cistern  the  alkali  has  been  nearly  all  washed  out  of 
the  cloth  ;  when  the  cloth  has  either  gone  through 
the  padding  machine  or  through  the  cisterns  above 
described,  I  wash  the  cloth  in  water,  pass  it  through 
dilute  sulphuric  acid,  and  wash  again  in  water. 

'When  I  adapt  the  invention  to  grey  or  un- 
bleached cloth  made  from  vegetable  fibrous  material, 
I  first  boil  or  steep  the  cloth  in  water  so  as  to  have 
it  thoroughly  wet,  and  remove  most  of  the  water  by 
the  squeezer  or  hydro-extractor,  and  then  pass  the 
cloth  through  the  soda  or  potash  solution,  &c.  and 
proceed  as  before  described. 

'  I  apply  my  invention  in  the  same  way  to  warps, 
either  bleached  or  unbleached,  but  after  passing 
through  the  cistern  containing  the  alkali  the  warps 
are  either  passed  through  squeezers  or  through  a 
hole  in  a  metallic  plate  to  remove  the  alkali,  and 
then  passed  through  the  water  cisterns,  soured,  and 
washed  as  before  described. 

'  When  thread  or  hank  yarn  is  operated  on,  I 
immerse  the  thread  or  yarn  in  the  alkali  and  then 
wring  out,  as  is  usually  done  in  sizing  or  dyeing 
them,  and  afterwards  wash,  sour,  and  wash  in  water 
as  above  described.  When  I  apply  my  invention  to 
any  fibre  in  the  raw  state,  or  before  it  is  manufac- 
tured, I  first  boil  it  m  water  and  then  free  it  from 
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most  of  the  water  by  the  hydro-extractor  or  a  press, 
I  then  immerse  it  in  the  alkaline  solution,  and  then 
remove  the  alkali  by  the  hydro-extractor,  or  I  press 
the  alkali  out  with  a  press  and  then  wash  in  water, 
sour  in  dilute  sulphuric  acid,  wash  again,  and  then 
remove  the  water  by  a  press  or  hydro-extractor. 

*  When  cloth  made  from  vegetable  fibre,  cotton, 
flax,  &c.  has  been  subjected  to  the  action  of  soda  or 
potash,  as  above  described,  by  padding,  immersion, 
or  any  other  way,  and  then  freed  from  alkali  by 
souring  and  washing  according  to  my  said  invention, 
the  cloth  will  be  found  to  have  acquired  certain  new 
and  valuable  properties,  the  more  remarkable  of 
which  I  here  describe.  It  will  have  shrunk  in  its 
length  and  breadth,  or  have  become  less  in  its 
external  dimensions,  but  thicker  and  closer,  so  that 
by  the  chemical  action  of  soda  or  potash  1  produce 
on  cotton  and  other  vegetable  fabrics  and  fibres 
effects  somewhat  analogous  to  that  which  is  pro- 
duced on  wool  by  the  process  of  fulling  or  milling. 
It  will  have  acquired  greater  strength  and  firmness, 
each  fibre  requiring  greater  force  to  break  it.  It 
will  also  have  become  heavier  than  it  was  before  it 
was  acted  on  by  the  alkali,  if  in  both  cases  it  be 
weighed  at  the  temperature  of  60°  Fahr.  or  under. 
It  will  have  acquired  greatly  augmented  and  im- 
proved powers  of  receiving  colours  in  printing  and 
dyeing.  The  effects  of  the  application  of  my  inven- 
tion to  the  vegetable  fibre  in  any  of  its  various  stages 
before  it  is  manufactured  into  cloth  will  be  readily 
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understood  by  reference  to  its  effects  upon  cloth 
composed  of  such  fibres. 

'  Secondly,  I  employ  sulphuric  acid  diluted  to 
105°  Twad.,  and  at  60°  Fahr.,  or  under;  I  use  this 
acid  instead  of  soda  or  potash,  and  operate  in  all 
respects  the  same  as  when  I  use  soda  or  potash, 
except  the  last  souring,  which  is  here  unnecessary. 

'■  Thirdly,  when  I  employ  solution  of  chloride  of 
zinc,  instead  of  soda  or  potash,  I  use  the  solution  of  sp. 
gr.  145°  Twad.,  and  at  150°  to  160°  Fahr.,  and  operate 
the  same  in  all  respects  as  when  I  use  soda  or  potash. 

'When  I  operate  on  mixed  fabrics,  partly  of 
vegetable  and  partly  of  silk,  wool,  or  other  animal 
fibres,  such  as  delaines  or  leans,  &c.  I  prefer  the 
strength  of  the  alkali  not  to  be  over  40°  Twad.,  and 
the  heat  not  above  50°  Fahr.,  lest  the  animal  fibres 
should  be  injured. 

'  I  may,  in  conclusion,  remark  that  the  construction 
of  the  apparatus  or  machinery,  and  the  strength  and 
temperature  of  the  soda  or  potash,  sulphuric  acid,  or 
chloride  of  zinc  solution  may  be  varied  to  a  consider- 
able extent,  and  will  produce  proportionate  effects 
without  at  all  deviating  from  my  invention.  For 
instance,  caustic  potash  or  soda  may  be  used  even 
as  low  as  20°  Twad.,  and  sfcill  give  improved  proper- 
ties to  cotton,  &c.  in  receiving  colours  in  printing 
and  dyeing,  particularly  if  the  temjDerature  be  low, 
for  the  lower  the  temperature  the  more  effectively 
the  soda  or  potash  acts  on  the  fibrous  material.  I 
do  not,  therefore,  confine  myself  to  any  particular 
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strength  or  temperature  of  the  substances  I  employ, 
but  the  particular  strengths  and  temperatures  here 
described  are  those  which  I  have  found  best  and 
prefer.' 

§  XXI.    ON  DYEING  MERCERISED  CLOTH. 

As  the  increased  receptive  power  of  the  altered 
cloth  appeared  to  be  uniform  for  all  kinds  of  materials 
employed  in  dyeing,  the  ordinary  processes  could 
generally  be  used  with  but  little  modification.  We 
must  not,  however,  omit  some  of  Mercer's  notes  on 
this  subject.  He  states  that  an  excellent  dark  blue 
vat,  suitable  for  contracted  cloth,  is  obtained  by  dis- 
solving white  indigo  (precipitated  from  the  common 
blue  vat  by  protochloride  of  tin  and  hydrochloric 
acid)  in  solution  of  caustic  barytes.  With  the 
assistance  of  heat,  the  white  indigo  may  be  dissolved 
to  a  large  extent  in  barytes  liquor.  Twelve  seconds' 
immersion  in  that  liquor  suffices  to  give  a  deep  blue. 
Any  weak  resist  colour  will  be  effective.' 

^Indigo  liquor  made  with  red  arsenic  and  lime 
also  gives  a  very  rich  blue  on  contracted  cloth.  I 
have  observed  that  if  the  cloth  while  yellow  is  rinsed 
in  water,  and  then  oxidised  in  a  bath  of  sal-ammoniac 
and  chloride  of  lime,  the  blue  is  much  deeper,  but 
not  quite  so  bright.' 

'  If  contracted  cloth  is  padded  with  red  liquor, 
and  then  printed  with  archil  liquor,  the  colour  is 
fixed  as  well  as  if  prepared  with  oil,  or  by  Broquet's 
plan.' 

Y 
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'  Contracted  cloth  may  be  dyed  a  fine  black  by 
soaking  it  in  logwood  liquor  of  1°  Tw.  for  some 
time,  then  wringing,  then  soaking  in  cold  iron  liquor 
of  10°  Tw.  Wring,  expose  to  the  air  for  a  little,  and 
wash  in  hot  water.' 

'  For  sapan  red,  first  steep  in  the  liquor,  then 
pad  in  weak  red  liquor,  and  steam.' 


§  XXII.  ON  RELATIONS  OF  ATOMIC  WEIGHTS  OF 
ELEMENTS. 

Reference  has  been  made  to  a  paper  which  Mercer 
contributed  to  the  meeting  of  the  British  Association 
in  1858,  on  the  grouping  of  elementary  bodies,  and 
on  relations  which  exist  among  their  atomic  weights. 
The  following  are  the  groups,  and  the  equivalents 
then  generally  accepted,  of  their  several  members. 
Since  Mercer  made  his  calculations,  chemists  have 
been  led  to  double  the  equivalents  of  each  of  the 
members  of  two  of  these  groups,  namely,  the  oxygen 
and  the  magnesium :  this  change,  however,  does  not 
affect  the  principle  of  the  relationships  which  he 
pointed  out,  but  only  the  manner  of  expressing  it. 


OXYGEN 

GROUP. 

FLUORINE 

GROUP. 

0     .  . 

.    =  8 

Fl     .      .  . 

=  19 

s   .  . 

.    =  16 

CI     .     .  . 

=  36 

Se  .  . 

.    =  40 

Br  .    .  . 

=  81 

Te  .  . 

.    =  64 

I     .    .  . 

=  126 

APPENDIX. 


323 


MAGNESIUM  GROUP.  NITROGEN  GROUP. 


Mg,    .    .    =   12         N  .    .    .    =  14 

Ca  .    .    .    =   20          P  .    .    .    =  31 

Sr  .    .    .    =  44          As  .    .    .    =  76 

Ba  .    .    .    =   68          Sb  .    .    .    =  121 

Pb  .    .    .    =  104          Bi  .    .    .    =  211 

LITHIUM  GROUP. 

L   =  7 

Na   =23 

K   =39 


Assuming  that  these  so-called  elementary  bodies 
may  possess  a  compound  character,  the  members  of 
the  same  group  are  supposed  to  consist  of  two  common 
constituents,  varying  in  proportion  in  the  different 
members. 

The  lithium  group  may  be  viewed  thus : 

L    =  (4  +  3)    or    L         .    .    .   =  7 
=  (45  +  3)    or    Na  =  16  +  7  =  23 
K   =  (49  +  3)    or    K   =  I62  +  7  =  39 

The  magnesium  group  may  be  viewed  thus : 


Mg   =8+4 

Ca   =82+4 

Sr   =85+4 

Ba   =83+4 

Pb   =  812  +  42 

The  nitrogen  group  thus  : 

N   =52+22 

P   =55+23 

As   =  5i4  +  23 

Sb   =523  +  23 

Bi   =5^1  +  23 

Y  2 
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The  fluorine  group  thus : 

Fl   =15+22 

CI   =152  +  23 

Br   =15^  +  23 

I   =15^  +  23 

The  members  of  the  oxygen  group  have  a  very 
simple  relationship,  0  being  8  (or  16  on  the  scale 
now  adopted),  and  all  others  multiples  of  that 
number:  0  =  8;  8  =  8.,;  Se  =  85;  Te  =  83. 

Mercer  pointed  out  that  a  relation  also  exists 
between  the  atomic  weights  of  members  of  different 
groups.  This  is  seen  by  subtracting  the  weights 
of  members  of  one  series  from  those  of  another ;  the 
remainder  is  in  many  cases  the  same  number. 

The  members  of  the  nitrogen  group  deducted 
from  the  corresponding  members  of  the  fluorine 
group  leave  5:  Fl-N  =  5;  C1~P=5;  Br-As=5; 
I_Sb  =  5. 

The  difference  between  corresponding  members 
of  the  oxygen  and  magnesium  groups  is  4  (or  8 
according  to  the  equivalents  now  used)  :  Mg  — 0  =  4; 
0a-S  =  4;  Sr-Se=4;  Ba-Te  =  4. 

When  members  of  other  groups  are  thus  examined, 
the  remainders  are  not  identical,  but  show  a  simple 
relationship.  Thus,  with  the  oxygen  and  lithium 
groups  we  obtain 

0  -  Li  =  1 

S  -L=9-l  =  8 

Se  -  Na=  17  -    9  =  8 

Te  -  K  =  25  -  17  =  8 
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So  with  the  lithium  and  magnesium  groups : 

Mg  -  L  =  5 
Ca-L=13-    5  =  8 
Sr  -  Na=  21  -  13  =  8 
Ba  -  K  =  29  -  21  =  8 

In  the  nitrogen  group.  Mercer  recognised  a  blank 
between  antimony  and  bismuth —  an  '  assumed  or 
expected  element,'  having  for  its  equivalent  166, 
which  is  designated  x  in  the  following  illustrations  : 

Relations  between  the  lithium  group  and  the 
nitrogen  group : 


N 

-  L 

7 

P 

-  Na 

8  - 

7  =  1 

As 

-  K 

37  - 

8  =  29 

P 

-  L 

24 

As 

-  Na 

53  - 

24  =  29 

Sb 

-  K 

82  - 

53  =  29 

As 

-  L 

69 

Sb 

-  Na 

98  - 

-  69  =  29 

X 

-  K 

127  - 

-  98  =  29 

Sb 

-  L 

114 

X 

-  Na 

143  - 

-  114  =  29 

Bi 

-  K 

172  - 

-  143  =  29 

Relations  between  the  lithium  group  and  the 
fluorine  group : 

Fl  -  L  =12 

CI  -  Na  =  13  -  12  =  1 

Br  -  K  =  42  -  13  =  29 
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CI  -  L  =29 

Br  -  Na  =  58  -  29  =  29 

I    -  K  =  87  -  58  =  29 

Relations  between  the  magnesium  and  nitrogen 
groups : 

N  -  Mg  =  2 
P    -Ca=ll-    2=  9 
As  -  Sr  =  32  -  11  =  21 
Sb  -  Ba  =  53  -  32  =  21 

P  -Mg=19 
As  -  Ca  =  56  -  19  =  37 
Sb  -  Sr  =  77  -  56  =  21 
X    -  Ba  =  98  -  77  =  21 

As  -  Mg  =  64 
Sb  -  Ca  =  101  -    64  =  37 
X    -  Sr  =  122  -  101  =  21 
Bi  -  Ba  =  143  -  122  =  21 

Relations  between  the  magnesium  and  chlorine 
groups : 

Fl  -  Mg  =  7 
CI  -  Ca  =  16  -    7  =  9 
Br  -  Sr  =  37  -  16  =  21 
I    -  Ba  =  58  -  37  =  21 

Relations  between  the  fluorine  and  phosphorus 
groups : 

P  -  Fl  =  12 
As  -  CI  =  40  -  12  =  28 
Sb  -  Br  =  40  -  40  =  0 
X    -I    =  40  -  40  =  0 
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As 

—  Fl 

=  57 

Sb 

-  CI 

=  85 

-  57 

X 

-  Br 

=  85 

-  85 

Bi 

-  I 

=  85 

-  85 

=  28 
=  0 
=  0 


In  a  communication  to  Dr.  Frankland  a  few  years 
later/  Mercer  pointed  out  the  relationship  of  caesium 
and  rubidium  with  other  metals  of  the  lithium  group. 
Taking  135  as  the  equivalent  of  cassium,  and  87 
that  of  rubidium,  the  complete  group  may  be  repre- 
sented thus : 

Lithium  =  7 

Sodium  16  +  7  =  23 

Potassium  162  +  ^=  39 

Rubidium  I65  +  7  =  87 

Caesium  IGg  +  7  =  135 

Although  the  atomic  weights  which  Mercer 
adopted  (pp.  322,  323)  are  not  in  some  cases  pre- 
cisely the  same  as  those  which  are  now  received  (he 
having  omitted  decimals)  yet  it  can  hardly  be  doubted 
that  some  relationship  does  exist.  Possibly  future 
investigation  may  lead  to  the  recognition  of  another 
factor  which  may  account  for  the  slight  divergences. 
As  to  the  fundamental  source  of  the  numerical  coin- 
cidences, Mercer  did  not  publish  any  views  beyond, 
first,  the  obvious  assumption  before  stated  that  the 
different  members  of  the  same  group  may  be  made 
up  from  two  constituents,  in  varying  proportions ;, 
and,  secondly,  that  the  same  body  may  enter  into 

^  Chemical  News,  vol.  viii.  p.  18. 
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the  constitution  of  more  than  one  group.  From 
unpublished  memoranda  it  appears,  however,  that 
he  was  disposed  to  go  a  step  further.  He  regarded 
one  of  the  two  constituents  as  being  itself  com- 
pounded of  two  elementary  bodies,  of  exactly  oppo- 
site characters  (corresponding  to  the  zincous  and 
chlorous  of  Graham)  which  saturate  and  neutralise 
each  other,  and  form  a  neutral  compound.  This 
combines  in  different  proportions  with  the  other 
constituent ;  and  the  latter  being  somehow  in  a 
state  of  tension,  is  the  active  principle  which  deter- 
mines the  chemical  properties  of  the  resulting  body. 
But  it  is  right  to  add  that  Mercer  was  always  alive 
to  the  fact  that  such  deductions  concerning  the  con- 
stitution of  so-called  elements  are  very  speculative ; 
being,  with  our  present  means  of  research,  incapable 
of  demonstration. 


§  XXIII.  PHOTOGRAPHIC  PROCESSES  RELATING  TO 
PEROXALATE  OF  IRON. 

Freparation  of  the  pajper. — In  order  to  ensure 
the  absence  of  every  trace  of  iron,  and  of  deoxidising 
material.  Mercer's  practice  was  to  soak  the  paper  first 
for  some  hours  in  weak  sulphuric  acid  (8°  Tw.),  and 
afterwards  for  a  few  minutes  in  very  weak  chlorine 
water  (1  '  spoon '  of  hypochlorite  solution  of  10°  Tw. 
to  8  quarts  of  water,  with  a  slight  excess  of  sulphuric 
acid).  After  careful  washing  in  clean  water,  it  was 
dried  between. folds  of  clean  bleached  calico  fents.  He 
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preferred  paper  which  had  been  sized  with  starch  to 
that  sized  with  a  more  soluble  material. 

Preparation  of  the  solution  of  peroxalate  of  iron. — 
The  solution  to  which  Mercer  gave  the  preference  for 
general  use  was  made  as  follows : — To  a  solution  of 
17  ounces  of  protosulphate  of  iron  in  1  quart  of 
water  was  added  a  solution  of  oxalate  of  soda,  made 
by  dissolving  8  ounces  of  oxalic  acid  and  1  pound  of 
soda  crystals  in  1  quart  of  water.  To  the  precipi- 
tate, after  being  washed  a  few  times  by  subsidence 
and  decantation,  were  added  4  ounces  more  of  oxalic 
acid,  and  by  degrees  6  '  spoons '  of  nitric  acid  of  60° 
Tw.  The  nitric  acid  was  added  so  slowly  that  the 
mixture  did  not  become  hot;  if  this  were  not  at- 
tended to,  peroxalate  of  iron  was  deposited,  and  not 
easily  re-dissolved.  The  peroxidation  must  be  com- 
plete, as  ascertained  by  the  red  prussiate  test.  A 
slight  excess  of  nitric  acid  was  found  rather  beneficial 
than  otherwise.  The  solution  was  made  into  1  quart 
with  water.  It  was  carefully  protected  from  sun- 
light. In  the  dark,  it  suffers  no  decomposition. 
When  used  for  impregnating  paper,  the  solution  was 
generally  mixed  with  an  equal  volume  of  water.  The 
addition  of  a  small  quantity  of  chlorate  of  potash 
(12  grains  to  a  pint  of  the  diluted  liquor)  was  con- 
sidered to  be  an  improvement. 

Charging  the  paper  with  the  iron  solution  was  of 
course  done  in  artificial  light.  The  dry  cleared  paper 
was  brushed  for  a  minute  uniformly  with  the  solu- 
tion, and  then  dried  between  folds  of  paper  in  a 
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covered  box,  or  between  two  black  fents.  Careful 
drying  was  found  to  be  of  importance.  It  was  then 
exposed  for  printing. 

The  fixing  hath^  in  which  the  exposed  paper  was 
next  soaked,  to  convert  the  oxalates  of  iron  into 
arseniates  (insoluble  in  water  and  unalterable  by 
light),  was  made  by  dissolving  3  ounces  of  tri- 
arseniate  of  soda  in  1  quart  of  water,  with  the 
addition  of  1  '  spoon '  of  sulphuric  acid  (80°  Tw.). 
Soaking  in  this  for  about  one  minute  was  found  to 
suffice  at  the  temperature  150°  Fahr.  After  washing, 
the  colour  was  raised  in 

The  jprussiate  hath',  which  was  a  solution  of  8 
ounces  of  red  prussiate  of  potash  in  2  quarts  of 
water,  with  the  addition  of  f  of  a  '  gill '  of  sulphuric 
acid  (of  80°  Tw.).  To  ensure  the  absence  of  the 
smallest  trace  of  yellow  prussiate,  Mercer  used  to 
add  a  few  drops  of  hypochlorite  solution,  just  suffi- 
cient to  give  a  faint  odour.  After  a  few  minutes' 
immersion  in  this,  the  paper  was  soaked  for  a  quarter 
of  an  hour  successively,  in  water  mixed  with  ^  a 
'  gill '  of  sulphuric  acid  (80°  Tw.)  to  a  gallon,  then 
in  water  with  half  that  quantity  of  sulphuric  acid, 
and  then  in  two  waters.  The  protected  parts  were 
perfectly  white.  By  slightly  raising  the  temperature 
of  the  red  prussiate  bath,  and  the  two  dilute  acids, 
Mercer  considered  he  obtained  a  finer  blue.  But  too 
high  a  temperature  in  the  prussiate  bath,  and  also 
too  long  immersion,  gave  a  greenish  shade,  to  re- 
move which  he  used  to  dip  the  paper  in  a  deoxidising 
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bath,  as  protochloride  of  tin,  or  protosulphate  of  iron 
with  free  acid. 

The  attempt  to  simplify  the  operation  by  using, 
as  the  photographic  agent,  a  mixture  of  the  peroxa- 
late  with  red  prussiate,  did  not  give  satisfactory 
results,  the  protected  parts  never  coming  out  per- 
fectly white. 

To  obtain  the  cuprous  sulpliocyanide  by  the  means 
indicated  (p.  227),  the  copper  solution  preferred  by 
Mercer,  after  numerous  experiments,  was  made  in 
the  following  manner : — 3  '  spoons '  of  nitrate  of 
copper  solution  of  96°  Tw.  were  added  to  solution 
of  neutral  alkaline  tartrate;  and  the  precipitate, 
after  being  washed  by  decantation,  was  gradually 
added  to  a  boiling  solution  of  alkaline  tartrate  made 
from  1  ounce  of  bitartrate  of  potash  and  j  oz.  of 
soda  crystals  in  half  a  pint  of  water.  When  the 
tartrate  of  copper  was  dissolved,  half  an  ounce  more 
of  soda  crystals  was  added  by  degrees,  and  the  solu- 
tion diluted  to  1  quart  with  cold  water ;  after  which 
were  added  10  '  spoons '  of  solution  of  sulphocyanide 
of  potassium  of  20°  Tw.  Most  other  copper  salts, 
mixed  with  sulphocyanide  of  potassium,  gave  a  pre- 
cipitate on  standing,  which  was  not  the  case  with  the 
above.  When  taken  out  of  this  bath,  the  paper  was 
soaked  in  dilute  sulphuric  acid  to  remove  all  iron 
and  superfluous  copper. 

The  best  red  prussiate  bath  for  transforming  the 
cuprous  sulphocyanide  to  ferrocyanide  was  a  solution 
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of  one  ounce  of  red  prussiate,  one  ounce  of  yellow 
prussiate,  two  ounces  of  sal  ammoniac,  and  half  an 
ounce  of  sesquicarbonate  of  ammonia,  in  three  pints 
of  water. 

Very  fair  pictures  in  silver  were  obtained  by  dip- 
ping the  exposed  oxalate  paper  successively  (with 
intermediate  washings)  in  the  arseniate  fixing  bath, 
neutral  solution  of  nitrate  of  silver,  and  weak  hydro- 
chloric acid ;  the  chloride  of  silver  thus  formed  being 
afterwards  reduced  by  an  alkaline  deoxidising  agent. 

But  much  better  results  were  obtained  by  means 
of  the  ferrocyanide  of  silver ^  which  admitted  of  several 
interesting  transformations  by  various  reagents.  That 
compound  was  produced  by  soaking  either  the  Prus- 
sian blue  picture  or  the  ferrocyanide  of  copper  picture 
in  a  rather  acid  solution  of  nitrate  of  silver.  Mercer 
gave  the  preference  to  the  ferrocyanide  of  copper. 
He  also  considered  that  the  presence  of  nitrate  of 
copper,  mixed  with  nitrate  of  silver,  facilitated  the 
decomposition  of  Prussian  blue.  After  being  washed 
in  dilute  ammonia,  the  ferrocyanide  of  silver  was 
'  raised '  by  means  of  an  alkaline  deoxidising  agent, 
for  which  purpose  he  used,  with  good  results,  a 
mixture  of  his  '  sugar  preparation '  (p.  93),  with  an 
excess  of  caustic  soda.  Occasionally  he  employed 
the  alkaline  sugar  preparation,  holding  in  solution  a 
little  ferrous  oxide;  and  sometimes  a  solution  of 
stannous  oxide  in  caustic  soda  (stannite  of  soda). 
By  either  of  these  the  ferrocyanide  could  be  decom- 
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posed,  and  the  oxide  of  silver  reduced  to  suboxide  or 
dioxide. 

Finished  pictures  could  thus  be  obtained  in  black 
or  brownish-black;  but  Mercer  preferred  going  a 
step  further,  and  giving  the  picture  a  dip  in  a  bath 
of  dilute  chloride  of  gold,  containing  a  little  free 
hydrochloric  acid.  The  tint  was  thereby  much  im- 
proved. The  chloride  of  silver  on  the  paper  was 
removed  by  washing  in  dilute  ammonia;  or,  if  a 
darker  tint  was  desirable,  it  was  made  the  means  of 
imparting  this  by  further  successive  treatment  with 
the  alkaline  sugar  preparation  and  chloride  of  gold. 

But  a  more  interesting  application  of  gold  was 
for  the  production  of  pictures  in  jpurple  of  cassius  by 
the  intervention  of  a  material  containing  tin.  This 
was  found  to  be  feasible  in  various  ways;  the  method 
selected  was  to  use  a  solution  of  stannous  oxide  in 
caustic  soda  as  the  reducing  agent  for  ferrocyanide 
of  silver.  A  beautiful  purple  colour  was  obtained 
by  soaking  the  picture  impregnated  with  ferro- 
cyanide of  silver  for  three  minutes  at  the  tempera- 
ture 160°  F.  in  a  solution  containing,  in  one  quart, 
one  '  spoon '  of  caustic  soda  liquor  of  70°  Tw.,  and 
half  a  '  spoon '  of  protochloride  of  tin  solution  of  120° 
Tw. ;  after  being  washed  in  distilled  water,  the  paper 
was  soaked  in  very  dilute  chloride  of  gold  with 
excess  of  hydrochloric  acid,  and  washed  successively 
in  dilute  acid,  ammonia  (to  dissolve  out  the  chloride 
of  silver),  and  water.  Or,  instead  of  removing  the 
chloride  of  silver  by  ammonia,  it  could  be  treated 
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with  various  reagents  for  deepening  or  modifying 
the  tint.  By  soaking  the  paper  in  solution  of  yellow 
prussiate  of  potash,  the  chloride  could  be  replaced  by 
ferrocyanide. 

Mercer  discovered  that  the  ferrocyanides  of 
copper  and  silver  might  be  replaced  by  stannous 
ferrocyanide,  by  soaking  in  a  dilute  solution  of  proto- 
chloride  of  tin  ;  then  for  a  few  minutes  in  sulphuric 
acid  (60°  Tw.),  and  washing  in  water.  The  stannous 
compound  might  then  be  decomposed,  and  the  oxide 
made  use  of  as  a  mordant. 

He  also  observed  the  susceptibility  of  decomposi- 
tion of  ferrocyanide  of  silver  by  chloride  of  lead  and 
by  chloride  of  zinc,  both  of  which  reactions  he  made 
available  for  dyeing  with  murexid. 

Madder-purple  photographs  on  cloth. — For  these, 
Mercer  made  use  of  the  finest  cloth  procurable ;  it 
Was  first  boiled  for  an  hour  in  solution  of  carbonate 
of  soda,  washed  and  soured,  and  then  mercerised 
either  by  sulphuric  acid  or  caustic  soda.  He  obtained 
the  best  shades  by  using  an  iron  solution  containing 
more  nitric  acid  and  less  oxalic  acid  than  that  before 
prescribed  (p.  329).  A  solution  which  gave  very 
satisfactory  results  was  prepared  by  adding  7 
'  spoons '  of  nitric  acid  of  60°  Tw.  to  protoxalate 
made  from  8-|  ounces  of  protosulphate ;  and  (after 
complete  oxidation)  diluting  to  one  gallon.  After 
the  usual  operations  of  soaking  in  the  iron  solu- 
tion, squeezing  out  excess,  drying  in  the  dark,  and 
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exposure  for  three  minutes  or  longer  according  to 
the  intensity  of  the  light,  he  soaked  the  cloth  for 
about  one  minute  in  the  arseniate  of  soda  '  fixing 
bath/  made  as  before  described  (p.  330),  at  the  tem- 
perature 180°  F. ;  whereby  the  oxalates  of  iron  gave 
place  to  the  corresponding  arseniates.  After  washing 
the  cloth  in  hot  water,  the  blue  was  raised  in  the 
prussiate  bath,  made  by  dissolving  six  ounces  of  red 
prussiate  of  potash  with  four  ^  spoons '  of  sulphuric 
acid  (80°  Tw.)  in  one  quart  of  water  (with  the  addi- 
tion of  a  few  drops  of  solution  of  hypochlorite),  at 
a  temperature  of  from  100°  to  110°  F.  Next  came 
the  '  clearing,'  or  removing  all  ferric  compounds  by 
means  of  the  weak  sulphuric  acid  washing  liquors 
before  mentioned ;  after  which  the  cloth  was  again 
put  into  a  solution  of  red  prussiate  of  one-third  the 
strength  of  the  first  prussiate  bath,  without  any  free 
acid.  By  the  use  of  this  second  prussiate  bath  after 
clearing,  the  blue  was  found  to  be  more  firmly  attached 
to  the  fibre. 

After  being  washed,  the  cloth  was  dyed  in  the 
madder  bath  without  previous  decomposition  of  the 
blue  by  lime.  This  bath  was  made  by  boiling  in 
water,  with  the  addition  of  a  little  chalk,  madder 
which  had  been  previously  washed  two  or  three  times 
with  cold  water.  Mercer  recommended  that  the 
cloth  should  be  kept  for  an  hour  in  the  bath  at  a 
temperature  not  exceeding  110°  F.,  and  for  about 
one  hour  longer  at  a  temperature  gradually  increasing 
to  160°  F.    When  washed,  it  was  of  a  rich  bluish 
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purple  colour.  It  was  branned  at  160°  F.  until  the 
whites  were  perfect.  The  addition  of  isinglass  to 
the  dyeing  bath  (amounting  to  one-sixth  the  weight 
of  the  dry  madder)  was  found  to  be  helpful  in  pre- 
serving the  whites. 

§  XXIV.  SUNDRY  RECEIPTS  FOR  PREPARATIONS  OF 
CHROMIUM  AND  TIN. 

Among  the  latest  of  Mercer's  receipts  we  find  the 
following : 

1.  Solutions  of  Oxide  of  Chromium  for  Moderating. 

{a)  Aceto-nitmte  of  chromium.  —  Dissolve  19 
ounces  of  bichromate  of  potash  in  1  quart  of  water ; 
put  the  solution  into  a  6-quart  earthen  pot,  and  add 
to  it  first  6  ounces  of  sugar,  and  afterwards  42 
'  spoons '  of  nitric  acid  of  60°  Tw.  When  the 
action  has  ceased,  make  up  to  1  gallon  with  acetic 
acid  of  8°  Tw.,  and  boil  for  five  minutes.  The  sp. 
gr.  should  be  36°  Tw. 

(b)  Aceto-tar irate  of  chromium.  —  Dissolve  19 
ounces  of  bichromate  of  potash  in  1  quart  of  water ; 
to  this  add,  first,  six  ounces  of  sugar,  then  by  degrees 
42  'spoons'  of  nitric  acid;  next  add  18  ounces  of 
soda  crystals,  and  afterwards  19  ounces  of  tartaric 
acid.  Make  this  into  1  gallon  with  acetic  acid 
(8°  Tw.),  and  boil  for  five  minutes.  The  sp.  gr. 
should  be  46°  Tw. 
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(c)  Aceto-ffidpliate  of  chvimiinm  for  Fr.  Grei/. — 
Dissolve  38  ounces  of  bichromate  of  potash  in  2 
quarts  of  water;  add,  first,  12  ounces  of  sugar,  then 
1  pint  of  sulphuric  acid  of  60°  Tw.,  and  42  '  spoons ' 
of  nitric  acid  of  60°  Tw.  Allow  the  mixture  to 
stand  until  the  deoxidation  of  the  chromic  acid  is 
complete ;  then  add  6  quarts  of  acetic  acid,  and  boil 
for  five  minutes. 

2.    Preparations  of  Tin. 

(a)  Bichloride  of  tin. — To  3  gills  of  protochloride 
of  tin  liquor  of  120°  Tw.  add  1  gill  of  hydrochloric 
acid,  heat  in  a  water-bath,  and  when  hot  add  slowly 
6  '  spoons '  of  nitric  acid  (60°  Tw.).  This  should 
make  1  quart  of  106°  Tw. 

(h)  Solution  of  peroxalate  of  tin. — Mix  and  dis- 
solve 8  ounces  of  oxalic  acid  and  1 8  ounces  of  soda 
crystals  in  2  quarts  of  water ;  add  this  solution  to  a 
mixture  of  li  gills  of  protochloride  of  tin  liquor  of 
120°  and  2  quarts  of  water;  wash  the  protoxalate  by 
affiision  and  decantation,  and  allow  it  to  settle  in  as 
small  a  bulk  as  possible ;  decant,  and  peroxidise  by 
adding  7^  '  spoons '  of  nitric  acid  (60°)  ;  add  water 
to  make  1  quart. 
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—  Democracy  in  Europe.  2  vols.  8vo.  32s. 
Merivale's  Fall  of  the  Roman  Republic.   12mo.  7s.  Gd. 

—  General  History  of  Rome,  B.C.  753-A.D.  476.    Crown  8vo.  7s.  6(i. 

—  History  of  the  Romans  under  the  Empire.    8  vols,  post  8vo.  48s. 
Noble's  The  Russian  Revolt.    Fcp.  8vo.  5s. 

Rawlinson's  Seventh  Great  Oriental  Monarchy— The  Sassanians.    8vo.  28s. 
Seebohm's  Oxford  Reformers— Colet,  Erasmus,  &  More.   8vo.  14s. 
Short's  History  of  the  Church  of  England.    Crown  8vo.  7s.  Gd, 
Smith's  Carthage  and  the  Carthaginians.    Crown  8vo.  10s.  Gd. 
Taylor's  Manual  of  the  History  of  India.   Crown  8vo.  7s.  Gd. 
Walpole's  History  of  England,  1815-1841.    3  vols.  8vo.  £2.  14s. 
Wylie's  History  of  England  under  Henry  IV.   Vol.  1,  crown  8vo.  10s.  Gd. 

BIOGRAPHICAL  WORKS. 

Bacon's  Life  and  Letters,  by  Spedding.   7  vols.  8vo.  £4.  4s. 
Bagehot's  Biographical  Studies.   1  vol.  8vo.  12s. 
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Bray's  (Charles)  Autobiogi'aphy.   Crown  8vo.  3*.  6d. 

Carlyle's  Life,  by  Froude.     Vols.  1  &  2,  1795-1835,  8vo.  32*.    Vols.  3  &  4, 
1834-1881,  8vo.  Z2s. 

—  (Mrs.)  Letters  and  Memorials.   3  vols.  8vo.  36^. 
Grimston's  (Hon.  R.)  Life,  by  P.  Gale.    Crown  8vo.  105.  6d. 
Hamilton's  (Sir  W.  R.)  Life,  by  Graves.   Vols.  1  and  2,  8vo.  15s.  each. 
Havelock's  Life,  by  Marshman.   Crown  8vo.  3s.  6d. 

Macaulay's  (I/:)rd_)  Life  and  Letters.   By  his  Nephew,  G.  Otto  Trevelyan,  M.P. 

Popular  Edition,  1  vol.  crown  8vo.  6s.    Cabinet  Edition,  2  vols,  post  8vo. 

12s.   Librajy  Edition,  2  vols.  8vo.  36s. 
Mendelssohn's  Letters.   Translated  by  Lady  "Wallace.   2  vols.  cr.  8vo.  5s.  each. 
Mill  (James)  Biography  of,  by  Prof.  Bain.    Crown  8vo.  5s. 

—  (John  Stuart)  Recollections  of,  by  Prof.  Bain.    Crown  8vo.  2s.  M. 

—  —  Autobiography.   8vo.  7s.  6d. 

Mozley's  Reminiscences  of  Oriel  College.   2  vols,  crown  8vo.  18s. 

—  —         —   Towns,  Villages,  and  Schools.   2  vols.  cr.  8vo.  ISs. 
Mtiller's  (Max)  Biographical  Essays.   Crown  8vo.  7s.  6d. 

Newman's  Apologia  pro  VitS,  Su^.   Crown  8vo.  6s. 

Pasohni's  (Count)  Memoir,  by  his  Son.   8vo.  16s. 

Pasteur  (Louis)  His  Life  and  Labours.   Crown  8vo.  7s.  6d. 

Shakespeare's  Life  (Outhnes  of),  by  Halliwell-Phillipps.   Royal  8vo.  7s.  6d. 

Southey's  Correspondence  with  Caroline  Bowles.   8vo.  14s. 

Stephen's  Essays  in  Ecclesiastical  Biography.    Crown  8vo.  7s.  6d. 

Taylor's  (Sir  Henry)  Autobiography.    2  vols.  8vo.  32s. 

TeLfer's  The  Strange  Ca'reer  of  the  Chevalier  D'Eon  de  Beaumont.   8vo.  12s. 

Trevelyan's  Early  History  of  Charles  James  Fox.    Crown  8vo.  6s. 

"Wellington's  Life,  by  Gleig.   Crown  8vo.  6s. 


MENTAL  AND  POLITICAL  PHILOSOPHY,  FINANCE,  &C. 

Amos's  View  of  the  Science  of  Jurisprudence.   8vo.  18*. 

—  Fifty  Years  of  the  English  Constitution.  1830-1880.   Crown  8vo.  10s.  6d. 

—  Primer  of  the  English  Constitution.   Crown  8vo.  6s. 
Bacon's  Essays,  with  Annotations  by  "Whately.   8vo.  10s.  6d. 

—  "Works,  edited  by  Spedding.    7  vols.  8vo.  73s.  6d. 
Bagehot's  Economic  Studies,  edited  by  Hutton.   8vo.  10s,  6d. 

—      The  Postulates  of  English  Political  Economy.    Crown  8vo.  2s.  6d. 
Bain's  Logic,  Deductive  and  Inductive.   Crown  8vo.  10s.  Gd. 

Part  I.  Deduction,  4s.       |       Part  II.  Induction,  6s.  6d. 

—  Mental  and  Moral  Science.   Crown  8vo.  10s.  6d. 

—  The  Senses  and  the  Intellect.   8vo.  15s. 

—  The  Emotions  and  the  "Will.   8vo.  15s. 

—  Practical  Essays.   Crown  8vo.  4s.  6d, 
Croziei''s  Civilization  and  Progress.   8vo.  14s. 

Crump's  A  Short  Enquiry  into  the  Formation  of  English  Political  Opinion. 
8vo.  7s.  Gd. 

Dowell's  A  History  of  Taxation  and  Taxes  in  England.    4  vols.  8vo.  48s. 
Green's  (Thomas  Hill)  Works.  (3  vols.)  Vol.  1,  Philosophical  "Works.  8vo.  16s. 
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Hume's  Essays,  edited  by  Green  &  Grose.   2  vols.  8vo.  28*. 

—  Treatise  of  Human  Nature,  edited  by  Green  &  Grose.   2  vols.  8vo,  285. 
Lang's  Custom  and  Myth  :  Studies  of  Early  Usage  and  Belief.   Crown  8vo.  7*.  6d. 
Leslie's  Essays  in  Political  and  Moral  Philosophy.   8vo.  10s.  6d. 

Lewes's  History  of  Philosophy.   2  vols.  8vo.  325. 

List's  Natural  System  of  Political  Economy,  translated  by  S.  Lloyd,  M.P. 

8vo.  105.  6d. 
Lubbock's  Origin  of  Civilisation.   Svo.  I85. 

Macleod's  Principles  of  Economical  Philosophy.   In  2  vols.   Vol.  1,  8vo.  155. 
Vol.  2,  Part  I.  125. 

—  The  Elements  of  Economics,   In  2  vols.   Vol.  1,  crown  8vo.  75.  Gd. 

—  The  Elements  of  Banking.   Crown  8vo,  5s. 

—  The  Theory  and  Practice  of  Banking.   Vol.  1,  Svo.  125. 

—  Elements  of  Political  Economy.   Svo.  I65. 

—  Economics  for  Beginners.   8vo.  2s.  6d. 

—  Lectures  on  Credit  and  Banking.    Svo.  55. 

Mill's  (James)  Analysis  of  the  Phenomena  of  the  Human  Mind.  2  vols.  Svo.  285. 
Mill  (John  Stuart)  on  Representative  Government.   Crown  Svo.  25. 

—  —  on  Liberty.    Crown  Svo.  I5.  4d. 

—  —  Dissertations  and  Discussions.   4  vols.  Svo.  465.  6d. 

—  —  Essays  on  Unsettled  Questions  of  Political  Economy.  8vo. 

65.  6d. 

—  —  Examination  of  Hamilton's  Philosophy.   Svo.  I65. 

—  —  Logic.   2  vols.  Svo.  255.   People's  Edition,  1  vol.  cr.  Svo.  55. 

—  —  Principles  of  Political  Economy.   2  vols.  Svo.  305.  People's 

Edition,  1  vol.  crown  Svo.  55. 

—  —  Subjection  of  "Women.    Crown  Svo.  65. 

—  —  Utihtarianism.    Svo.  55. 

—  —  Three  Essays  on  Religion,  &c.   Svo.  55. 
Miller's  (Mrs.  Fenwick)  Readings  in  Social  Economy.   Crown  Svo.  25. 
Sandars's  Institutes  of  Justinian,  with  English  Notes.   Svo.  18i. 
Seebohm's  English  Village  Community.   Svo.  I65. 

Sully's  Outlines  of  Psychology.   Svo.  125.  Gd. 

Swinburne's  Picture  Logic.   Post  Svo.  5s. 

Thompson's  A  System  of  Psychology.   2  vols.  Svo.  365. 

Thomson's  Outline  of  Necessary  Laws  of  Thought.   Crown  Svo.  Gs. 

Twiss's  Law  of  Nations  in  Time  of  War.   Svo.  2l5. 

—  —  in  Time  of  Peace.   Svo.  15s. 
Webb's  The  Veil  of  Isis.   Svo.  10s.  Gd. 
Whately's  Elements  of  Logic.   Crown  Svo.  45.  Gd. 

—  —    —  Rhetoric.   Crown  Svo.  45.  Gd. 
Wy lie's  Labour,  Leisure,  and  Luxury.   Crown  Svo.  6s. 

Zeller's  History  of  Eclecticism  in  Greek  Philosophj'.   Crown  Svo.  lOs.  Gd. 

—  Plato  and  the  Older  Academy.   Cro-noi  Svo.  I85. 

—  Pre-Socratic  Schools.   2  vols,  crown  Svo.  305. 

—  Socrates  and  the  Socratic  Schools.   Crown  Svo.  lOs.  Gd. 
Stoics,  Epicureans,  and  Sceptics.    Crown  Svo.  155. 
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MISCELLANEOUS  WORKS. 

A.  K.  H.  B.,  The  Essays  and  Contributions  of.    Crown  8vo. 

Autumn  Holiuays  of  a  Country  Parson.   35.  6d. 

Changed  Aspects  of  Unchanged  Traths.    3s.  6d. 

Common-Place  Philosopher  in  Town  and  Country.   3s.  6d. 

Critical  Essays  of  a  Country  Parson.    3s.  6d. 

Counsel  and  Comfort  spoken  from  a  City  Pulpit.   3s.  6d. 

Graver  Thoughts  of  a  Country  Parson.    Three  Series.    3s.  6d.  each. 

Landscapes,  Churches,  and  Moralities.   3s.  6d. 

Leisure  Hours  in  Town.    3s.  Qd.    Lessons  of  Middle  Age.    3s.  6d. 

Our  Little  Life.   Essays  Consolatory  and  Domestic.  Two  Series,  3s.  6(3. 

Present-day  Thoughts.   3s.  6d.  [each. 

Recreations  of  a  Country  Parson.    Three  Series.    3.?.  6d.  each. 

Seaside  Musings  on  Sundays  and  Week-Days.   3s.  6c?. 

Sunday  Afternoons  in  the  Parish  Church  of  a  University  City.    3s.  6d. 
Arnold's  (Dr.  Thomas)  Miscellaneous  Works.   8vo.  7s.  6d. 
Bagehot's  Literary  Studies,  edited  by  Hutton.    2  vols.  8vo.  28s. 
Beaconsfield  (Lord),  The  Wit  and  Wisdom  of.    Crown  Svo.  3s.  6d. 

—  (The)  Birthday  Book.   18mo.  2s.  6d.  cloth  ;  45.  6d.  bound. 
Evans's  Bronze  Implements  of  Great  Britain.   8vo.  25s. 

Farrar's  Language  and  Languages.   Crown  Svo.  6s. 
French's  Nineteen  Centuries  of  Drink  in  England.   Cro'mi  Svo.  10s.  6d. 
Froude's  Short  Studies  on  Great  Subjects.   4  vols,  crown  Svo.  24s. 
Macaulay's  Miscellaneous  Writings.   2  vols.  Svo.  21s.   1  vol.  crown  Svo.  4s.  Gd. 

—  Miscellaneous  Writings  and  Speeches.    Crown  Svo.  6s. 

—  Miscellaneous  Writings,  Speeches,   Lays  of  Ancient  Rome,  &c. 

Cabinet  Edition.   4  vols,  crown  Svo.  24s. 

—  Writings,  Selections  from.   Crown  Svo.  6s. 

Miiller's  (Max)  Lectures  on  the  Science  of  Language.    2  vols,  crown  Svo.  16s. 

—  —    Lectures  on  India.   Svo.  I2s.  6c?. 

Smith  (Sydney)  The  Wit  and  Wisdom  of.   Crown  Svo.  3s.  6c?. 

ASTRONOMY. 

Herschel's  Outlines  of  Astronomy.   Square  crown  Svo.  12s. 

Nelson's  Work  on  the  Moon.   Medium  Svo.  31s.  6d. 

Proctor's  Larger  Star  Atlas.    Folio,  15s.  or  Maps  only,  12s.  6d. 

—  New  Star  Atlas.   Crown  Svo.  5s.   Orbs  Ai-ound  Us.  Crown  Svo.  7s.  6d. 

—  Light  Science  for  Leisure  Hours.   3  Series.   Crown  Svo.  7s.  6c?.  each. 

—  Moon.    Crown  Svo.  10s.  6c?. 

—  Myths  and  Marvels  of  Astronomy.    Crown  Svo.  6s. 

—  Other  Worlds  than  Ours.    Crown  Svo.  10s.  6c?. 

—  Sun.    Crown  Svo.  14s.    Universe  of  Stars.    Svo.  10s.  6c?. 

—  Transits  of  Venus,  Svo.  Ss.  6c^.    Studies  of  Venus-Transits,  Svo.  5s. 
Webb's  Celestial  Objects  for  Common  Telescopes.   Crown  Svo.  9s. 

—    The  Sun  and  his  Phenomena.    Fcp.  Svo.  Is. 

THE  'KNOWLEDGE'  LIBRARY. 

Edited  by  Richard  A.  Proctor. 
How  to  Play  Whist.   By  Five  of  Clubs  (R.  A.  Proctor).    Crown  Svo.  5s. 
The  Borderland  of  Science.   By  R.  A.  Proctor.   Crown  Svo.  6s. 
Science  Byways.   By  R.  A.  Proctor.    Crown  8vo.  6s. 
The  Poetry  of  Astronomy.   By  R.  A.  Proctor.    Crow^n  Svo.  6s. 
Nature  Studies.   Reprinted  from  Knowledge.   By  Grant  Allen,  Andrew  Wilson, 
&c.   Crown  Svo.  6s. 

Leisure  Readings.   Reprinted  from  Knowledge.   By  Edward  Clodd,  Andrew 

Wilson,  &c.   Crown  Svo.  6s. 
The  Stars  in  their  Seasons.   By  R.  A.  Proctor.   Imperial  Svo.  5s. 
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CLASSICAL   LANGUAGES  AND  LITERATURE. 

JEschylus,  The  Eumenides  of.     Text,  witli  Metrical  English  Translation,  by 

J.  P.  Davies.   8vo.  Is. 
Aristophanes'  The  Acharnians,  translated  by  E.  Y,  Tyrrell.   Crown  8vo.  25.  Qd. 
Aristotle's  The  Ethics,  Text  and  Notes,  by  Sir  Alex.  Grant,  Bart.  2  vols.  8vo.  325 . 

—  The  Nicomachean  Ethics,  translated  by  'Williams,  crown  8vo.  75.  6(7. 

—  The  Politics,  Books  I.  III.  IV.  (VII.)  with  Translation,  &c.  by 

Bolland  and  Lang.    Crown  8vo.  7s.  M. 
Becker's  Charides  and  Gallus,  by  Metcalfe.   Post  8vo.  75.  6d.  each. 
Cicero's  Correspondence,  Test  and  Notes,  by  R.  Y.  Tyrrell.    Vol.  1,  8vo.  125. 
Homer's  Iliad,  Homometrically  translated  by  Cayley.   8vo.  12s.  6d. 

—  —  Greek  Text,  with  Verse  Translation,  by  W.  C.  Green.  Vol.  1, 
Books  I.-XII.   Crown  8vo.  6s. 

Mahaffy's  Classical  Greek  Literature.   Crown  Svo.   Vol.  1,  The  Poets,  75.  &d. 

Vol.  2,  The  Prose  Writers,  7s.  6c?. 
Plato's  Parmenides,  with  Notes,  &c.  by  J.  Maguire.   Svo.  7s.  dd. 
Simcox's  Latin  Literature.   2  vols.  Svo.  32s. 
Sophocles"  Tragoedi^  Superstites,  by  Linwood.   Svo.  16s. 

Virgil's  Works,  Latin  Text,  with  Commentary,  by  Kennedy.  Crown  Svo.  10s.  Gd. 

—  ^neid,  translated  into  English  Verse,  by  Conington.      Crown  Svo.  9s. 

—  Poems,  —  —  —  Prose,  —  —  Crown  Svo.  95. 
Witt's  Myths  of  Hellas,  translated  by  F.  M.  Younghusband.   Crown  Svo.  3s.  6d. 

—  The  Trojan  War,  —  —  Fcp.  Svo.  2s. 

—  The  Wanderings  of  Ulysses,  —  Crown  Svo.  3s.  6d. 

NATURAL  HISTORY,  BOTANY,  8c  GARDENING. 

Allen's  Flowers  and  their  Pedigrees.    Crown  Svo.  Woodcuts,  7s.  6c?. 
Decaisne  and  Le  Maout's  General  System  of  Botany.   Imperial  Svo.  31s.  6d. 
Dixon's  Rural  Bird  Life.   Crown  Svo.  Illustrations,  5s. 
Hartwig's  Aerial  World,  Svo.  10s.  Sd.   Polar  World,  Svo.  10s.  6d. 

—  Sea  and  its  Living  Wonders.   Svo.  10s.  6d. 

^      Subterranean  World,  Svo.  10s.  6d.   Tropical  World,  Svo.  10s.  6c?. 
Lindley's  Treasury  of  Botany.   Fcp.  Svo.  6s. 
Loudon's  Encyclopedia  of  Gardening.   Svo.  2l5. 

—  —  Plants.   Svo.  42s. 
Rivers's  Orchard  House.   Crown  Svo.  5s. 

—  Rose  Amateur's  Guide.   Fcp.  Svo.  4s.  6c?. 
Stanley's  Familiar  History  of  British  Birds.   Crown  Svo.  65. 
Wood's  Bible  Animals.   With  112  Vignettes.   Svo.  lOs.  6d. 

—  Common  British  Insects.   Crown  Svo.  35.  Gd. 

—  Homes  Without  Hands,  Svo.  lOs.  6d.   Insects  Abroad,  Svo.  lOs.  Gd, 

—  Insects  at  Home.   With  700  Illustrations.   Svo.  lOs.  6c?. 

—  Out  of  Doors.   Crown  Svo.  55. 

—  Petland  Revisited.   Crown  Svo.  7s.  6c?. 

—  Strange  Dwellings.   Crown  Svo.  5s.    Popular  Edition,  4to.  Gd. 
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THE  FINE  ARTS  AND  ILLUSTRATED  EDITIONS. 

Dresser's  Arts  and  Art  Manufactures  of  Japan.    Square  crown  8vo.  31s.  6d. 
Eastlake's  (Lady)  Five  Great  Painters.    2  vols,  crown  Svo.  I65, 

—  Household  Taste  in  Furniture,  &c.    Square  crown  Svo.  145. 

—  Notes  on  the  Brera  Gallery,  Milan.    Crown  Svo.  5s. 

—  Notes  on  the  Louvre  Gallery,  Paris.   Crown  Svo.  7s.  6d. 

—  Notes  on  the  Old  Pinacothek,  Munich.   Crown  Svo.  7 s.  6d. 
Jameson's  Sacred  and  Legendary  Art.   6  vols,  square  Svo. 

Legends  of  the  Madonna.   1  vol.  21s. 

—  —   —   Monastic  Orders   1  vol.  21s. 

—  —   —   Saints  and  Martyrs.   2  vols.  31s.  6d. 

—  —   —   Saviour.   Completed  by  Lady  Eastlake.    2  vols.  42s. 
Macaulay's  Lays  of  Ancient  Rome,  illustrated  by  Scharf.    Fcp.  4to.  10s.  6d. 
The  same,  with  Ivry  and  the  Armada,  illustrated  by  Weguelin.  Crown  Svo.  3s.  M. 
Moore's  Irish  Melodies.  With  1(51  Plates  by  D.  Machse,  R.A.  Super-royal  Svo.  2l5. 

—     Lalla  Eookh,  illustrated  by  Tenniel.   Square  crown  Svo.  10s.  M. 
New  Testament  (The)  illustrated  with  Woodcuts  after  Paintings  by  the  Early 

Masters.   4to.  21s.  cloth,  or  42s.  morocco. 
Perry  on  Greek  and  Roman  Sculpture.   With  280  Illustrations  engraved  on 

Wood.   Square  crown  Svo.  3l5.  &d. 

CHEMISTRY,  ENGINEERING,  &  GENERAL  SCIENCE. 

Amott's  Elements  of  Physics  or  Natural  Philosophy.   Crown  Svo.  12s.  &d. 
Bourne's  Catechism  of  the  Steam  Engine.   Crown  Svo.  7s.  6d. 

—  Examples  of  Steam,  Air,  and  Gas  Engines.   4to.  70s. 

—  Handbook  of  the  Steam  Engine.   Fcp.  Svo.  9s. 

—  Recent  Improvements  in  the  Steam  Engine.   Fcp.  Svo.  6s. 

—  Treatise  on  the  Steam  Engine.   4to.  42s. 

Buckton's  Our  Dwellings,  Healthy  and  Unhealthy.   Crown  Svo.  3s.  6<^. 

CuUey's  Handbook  of  Practical  Telegraphy.   Svo.  16s. 

Fairbaim's  Useful  Information  for  Engineers.   3  vols,  crown  Svo.  31s.  Gd. 

—       Mills  and  Millwork.   1  vol.  Svo.  25s. 
Ganot's  Elementary  Treatise  on  Physics,  by  Atkinson.    Large  crown  Svo.  15s. 

—  Natural  Philosophy,  by  Atkinson.   Crown  Svo.  7s.  Qd. 
Grove's  Correlation  of  Physical  Forces.   Svo.  15s. 
Haughton's  Six  Lectures  on  Physical  Geography.   Svo.  15s. 
Heer's  Primfeval  World  of  Switzerland.   2  vols.  Svo.  12s. 
Helmholtz  on  the  Sensations  of  Tone.   Royal  Svo.  28s. 

Helmholtz's  Lectures  on  Scientific  Subjects.   2  vols,  crown  Svo.  7s.  M.  each. 
HuUah's  Lectures  on  the  History  of  Modern  Music.   Svo.  8s.  6d, 

—  Transition  Period  of  Musical  History.   Svo.  10s.  Qd. 
Jackson's  Aid  to  Engineering  Solution.    Royal  Svo.  21s. 

Jago's  Inorganic  Chemistry,  Theoretical  and  Practical.   Fcp.  Svo.  2s. 
Kerl's  Metallurgy,  adapted  by  Crookes  and  Rbhiig.    3  vols.  Svo.  £4.  19s. 
Kolbe's  Short  Text-Book  of  Inorganic  Chemistry.   Crown  Svo.  7s.  Qd. 
Lloyd's  Treatise  on  Magnetism.   Svo.  10s.  Qd. 

Macalister's  Zoology  and  Morphology  of  Vertebrate  Animals.   Svo.  10s.  Qd. 


London,  LONGMANS,  GEEEN,  &  CO. 


8 


General  Lists  of  Works. 


Macfarren's  Lectures  on  Harmony.   8vo.  ]  2s. 

MUler's  Elements  of  Chemistry,  Theoretical  and  Practical.   3  vols.  8vo.   Part  I. 

Chemical  Physics,  16s.  Part  II.  Inorganic  Chemistry,  2is.  Part  III.  Organic 

Chemistry,  price  31 5.  6d. 
Mitchell's  Manual  of  Practical  Assaying.    8vo.  31s.  Qd. 
Northcott's  Lathes  and  Turning.   8vo.  18s. 

Owen's  Comparative  Anatomy  and  Physiology  of  the  Vertebrate  Animals. 

3  vols.  8vo.  73s.  6d. 
Payen's  Industrial  Chemistry.   Edited  by  B.  H.  Paul,  Ph.D.   8vo.  425. 
Piesse's  Art  of  Perfumery.   Square  crown  8vo.  21s. 

Keynolds's  Experimental  Chemistry.   Fcp.  8vo.   Part  1.  Is.  6d.  Part  II.  2s.  6d. 

Part  III.  Ss.  6d. 
Schellen's  Spectrum  Analysis.   8vo.  31s.  6d. 
Sennett's  Treatise  on  the  Marine  Steam  Engine.    8vo.  21s. 
Smith's  Air  and  Eain.   8vo.  24s. 

Swinton's  Electric  Lighting  :  Its  Principles  and  Practice.   Crown  8vo.  5s. 
Tilden's  Practical  Chemistry.   Fcp.  8vo,  Is,  6d. 
Tyndall's  Paraday  as  a  Discoverer.   Crown  8vo.  3s.  6d. 

—  Floating  Matter  of  the  Air.    Crown  8vo.  7s.  6d. 

—  Fragments  of  Science,   2  vols,  post  8vo.  16s. 

—  Heat  a  Mode  of  Motion,   Crown  8vo,  12s. 

—  Lectures  on  Light  dehvered  in  America.   Crown  8vo.  7s.  M. 

—  Lessons  in  Electricity.   Crown  8vo.  2s.  6d. 

—  Notes  on  Electrical  Phenomena.   Crown  8vo.  Is,  sewed,  Is.  6d.  cloth. 

—  Notes  of  Lectures  on  Light.   Crown  8vo.  Is.  sewed,  Is.  Gd.  cloth. 

—  Sound,  with  Frontispiece  and  203  Woodcuts.   Crown  8vo.  10s.  6d. 
Watts's  Dictionary  of  Chemistry.   9  vols,  medium  8vo,  £15.  2s.  6d. 
"Wilson's  Manual  of  Health-Science.   Crown  8vo.  2s.  6d. 

THEOLOGICAL  AND  RELIGIOUS  WORKS. 

Arnold's  (Rev.  Dr.  Thomas)  Sermons.   6  vols,  crown  8vo,  5s.  each. 

Boultbee's  Commentary  on  the  39  Articles.   Crown  8vo.  6s. 

Browne's  (Bishop)  Exposition  of  the  39  Articles.   8vo.  16s. 

Calveit's  "Wife's  Manual.   Prayers,  Thoughts,  and  Songs.    Crown  8vo.  6s. 

Colenso  on  the  Pentateuch  and  Book  of  Joshua.   Crown  8vo.  6s. 

Conder's  Handbook  of  the  Bible.   Post  8vo.  7s.  6d. 

Conybeare  &  Howson's  Life  and  Letters  of  St.  Paul : — 

Library  Edition,  with  all  the  Original  Illustrations,  Maps,  Landscapes  on 

Steel,  Woodcuts,  &c.   2  vols.  4to.  42s. 
Intermediate  Edition,  with  a  Selection  of  Maps,  Plates,  and  Woodcuts. 

2  vols,  square  crown  8vo.  21s. 
Student's  Edition,  revised  and  condensed,  with  46  Illustrations  and  Maps. 
1  vol.  crown  8vo,  7s.  6d. 
Davidson's  Introduction  to  the  Study  of  the  New  Testament.   2  vols.  8vo.  30s. 
Edersheim's  Life  and  Times  of  Jesus  the  Messiah.   2  vols.  8vo.  42s. 

—       Prophecy  and  History  in  relation  to  the  Messiah.   8vo.  125. 
Ellicott's  (Bishop)  Commentary  on  St.  Paul's  Epistles,   8vo,   Galatians,  85.  6d. 
Ephesians,  8s.  6d.   Pastoral  Epistles,  10s.  6d.   Philippians,  Colossians  and 
Philemon,  10s.  Qd.   Thessaloniaus,  7s,  6d. 
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Ellicott's  Lectures  on  the  Life  of  our  Lord.   8vo.  12s. 

Ewald's  Antiquities  of  Israel,  translated  by  Solly.   8vo.  12.s.  Qd. 

—  History  of  Israel,  translated  by  Carpenter  &  Smith.  Vols.  1-7,  8vo.  £5. 
Hobart's  Medical  Language  of  St.  Luke.   8vo.  16s. 

Hopkins's  Christ  the  Consoler.    Fop.  8vo.  2s.  6d. 
Jukes's  New  Man  and  the  Eternal  Life.   Crown  8vo.  6s. 

—  Second  Death  and  the  Restitution  of  all  Things.   Crown  8vo.  3s.  Gd. 

—  Types  of  Genesis.    Crown  8vo.  7s.  6d. 

—  The  Mystery  of  the  Kingdom.   Crown  8vo.  3s.  6d. 

Lyra  Germanica  :  Hymns  translated  by  Miss  Winkworth.   Fcp.  8vo.  5s. 
Macdonald's  (G.)  Unspoken  Sermons.   Second  Series.   Crown  Svo.  7s.  6d. 
Manning's  Temporal  Mission  of  the  Holy  Ghost.   Crown  Svo.  8s.  6d. 
Martineau's  Endeavours  after  the  Christian  Life.   Crown  Svo.  7s.  6d. 

—  Hymns  of  Praise  and  Prayer.   Crown  Svo.  4s.  Gd.   32mo.  Is.  6d. 

—  Sermons,  Hours  of  Thought  on  Sacred  Things.   2  vols.  7s.  6d.  each. 
Monsell's  Spiritual  Songs  for  Sundays  and  Holidays.   Fcp.  Svo.  5s.    18mo.  2s. 
Miiller's  (Max)  Origin  and  Growth  of  Religion.   Crown  Svo.  7s.  6d. 

—  —     Science  of  Religion.   Crown  Svo.  7s.  Gd. 
Newman's  Apologia  pro  Vita  Sua.   Crown  Svo.  6s. 

—  The  Idea  of  a  University  Defined  and  Illustrated.    Crown  Svo.  7s. 

—  Historical  Sketches.    3  vols,  crown  Svo.  6s.  each. 

—  Discussions  and  Arguments  on  Various  Subjects.   Crown  Svo.  6s. 

—  An  Essay  on  the  Development  of  Christian  Doctrine.    Crown  Svo.  6s. 

—  Certain  DiflBculties  Pelt  by  Anglicans  m  Catholic  Teaching  Con- 

sidered.   Vol.  1 ,  crown  Svo.  7s.  6d.    Vol.  2,  crown  Svo.  5s.  6d. 

—  The  Via  Media  of  the  Anglican  Church,  Illustrated  in  Lectures,  &c. 

2  vols,  crown  Svo.  6s.  each 

—  Essays,  Critical  and  Historical.   2  vols,  crown  Svo.  12s. 

—  Essays  on  Biblical  and  on  Ecclesiastical  Miracles.    Crown  Svo.  6s. 

—  An  Essay  in  Aid  of  a  Grammar  of  Assent.    7s.  Gd. 
Rogers's  Eclipse  of  Faith.   Pep.  Svo.  5s. 

—     Defence  of  the  Eclipse  of  Faith.   Fcp.  Svo.  3s.  Gd. 
Sewell's  (Miss)  Night  Lessons  from  Scripture.   32mo.  3s.  Gd. 

—  —    Passing  Thoughts  on  Religion.    Fcp.  Svo.  3s.  6<Z. 

—  —    Preparation  for  the  Holy  Communion.   32mo.  3s. 
Smith's  Voyage  and  Shipwreck  of  St.  Paul.   Crown  Svo.  7s.  Gd. 
Supernatural  Religion.   Complete  Edition.   3  vols.  Svo.  36s. 

Taylor's  (Jeremy)  Entire  Works.   With  Life  by  Bishop  Heber.   Edited  by  the 
Rev.  C.  P.  Eden.   10  vols.  Svo.  £5.  5s. 

TRAVELS,  ADVENTURES,  8cc. 

Aldridge's  Ranch  Notes  in  Kansas,  Colorada,  &c.   Crown  Svo.  5s. 
Alpine  Club  (The)  Map  of  Switzerland.   In  Four  Sheets.  42s. 
Baker's  Eight  Years  in  Ceylon.   Crown  Svo.  5s. 

—     Rifle  and  Hound  in  Ceylon.   Crown  Svo.  5s. 
Ball's  Alpine  Guide.   3  vols,  post  Svo.  with  Maps  and  Illustrations  :— I.  Western 

Alps,  6s.  Gd.   II.  Central  Alps,  7s.  Gd.   III.  Eastern  Alps,  10s.  Gd. 
Ball  on  Alpine  Travelling,  and  on  the  Geology  of  the  Alps,  Is. 
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Bent's  The  Cyclades,  or  Life  among  the  Insular  Greeks.   Crown  8vo.  125.  6d. 
Brassey's  Sunshine  and  Storm  in  the  East.   Crown  8vo.  75.  Gd, 

—  Voyage  in  the  Yacht  '  Sunbeam.'   Crown  8vo.  7s.  Gd.    School  Edition^ 

fop.  8vo.  2a-.   Popular  Edition,  4to.  Gd. 

—  In  the  Trades,  the  Tropics,  and  the  '  Roaring  Forties.'   Edition  de 

Luxe,  8vo.  £3.  135.  Gd.    Library  Edition,  8vo.  2l5. 
Crawford's  Across  the  Pampr.3  and  the  Andes.   Crown  Svo.  75.  Gd. 
Dent's  Above  the  Snow  Line.   Crown  Svo.  75.  Gd. 
Hassall's  San  Remo  Climatically  considered.   Crown  Svo.  5j. 
Hewitt's  Visits  to  Remarkable  Places.   Crown  Svo.  7s.  Gd. 
Maritime  Alps  (The)  and  their  Seaboard.   By  the  Author  of  '  Ykra,'   Svo.  2l5. 
Miller's  Wintering  in  the  Riviera.   Post  Svo.  Illustrations,  75.  Gd. 
Three  in  Norway.   By  Two  of  Them.   Crown  8vo.  Illustrations,  65. 


WORKS  OF  FICTION. 


Antinous  :  an  Historical  Romance  of  the  Roman  Empire.   Crown  Svo.  65. 
Beaconsfield's  (The  Earl  of)  Novels  and  Tales.   Hughenden  Edition,  with  2 

Portraits  on  Steel  and  11  Vignettes  on  Wood.   11  vols,  crown  Svo.  £2.  25. 
Black  Poodle  (The)  and  other  Tales.   By  the  Author  of  '  Vice  Versa.'  Cr.  Svo.  Gs. 
Harte  (Bret)  On  the  Frontier.   Three  Stories.   16mo.  I5. 

—      —     By  Shore  and  Sedge.    Three  Stories.   16mo.  15. 
Sewell's  (Miss)  Stories  and  Tales.   Cabinet  Edition.   Crown  Svo.  cloth  extra, 
gilt  edges,  price  35.  Gd.  each  : — 
Amy  Herbert.    Cleve  Hall. 


The  Earl's  Daughter. 
Experience  of  Life. 
Gertrude.  Ivors. 
The  Modern  Novelist's  Library, 
each,  cloth  : — 
By  the  Earl  of  Beacon sfield,  K.G 
Lothair.  Coningsby. 
Sybil.  Tancred. 
Venetia. 

Henrietta  Temple. 
Contarini  Fleming. 
Alroy,  Ixion,  &c. 
The  Young  Duke,  &c. 
Vivian  Grey. 
Endyinion. 


A  Glimpse  of  the  World. 
Katharine  Ashton. 
Laneton  Parsonage. 
Margaret  Percival.  Ursula. 
Crown  Svo.  price  25.  each,  boards,  or  25.  Gd. 


By  Anthony  Trollope. 
Barchester  Towers. 
The  Warden. 
By  Major  Whyte-Melville. 
Digby  Grand. 
General  Bounce. 
Kate  Coventry. 
The  Gladiators. 
Good  for  Nothing. 
Holmby  House. 
The  Interpreter. 
The  Queen's  Maries. 

By  Various  Writers. 
The  Atelier  du  Lys. 
Atherstone  Priory. 
The  Burgomaster's  Family. 
Elsa  and  her  Vulture. 
Mademoiselle  Mori. 
By  James  Payn.  The  Six  Sisters  of  the  Valleys. 

Thicker  than  Water.  Unawares. 
In  the  Olden  Time.   By  the  Author  of  '  Mademoiselle  Mori.'   Crown  Svo.  65. 
Oliphant's  (Mrs.)  Madam.   Crown  Svo.  35.  Gd. 
Sturgis'  My  Friend  and  I.   Crown  Svo.  55. 


By  Bret  Harte. 

In  the  Carquinez  Woods. 

By  Mrs.  Oliphant. 

In  Trust,  the  Story  of  a  Lady 
and  her  Lover. 
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POETRY  AND  THE  DRAMA. 

Bailey's  Festus,  a  Poem.    Crown  8vo.  12*.  Bd. 

Bowdler's  Family  Shakespeare.    Medium  8vo.  14s.    6  vols.  fcp.  8vo.  21s. 
Dante's  Divine  Comedy,  translate'i  by  James  Innes  Mincbin.    Crown  Svo.  15s. 
Goethe's  Faust,  translated  by  Birds.    Large  crown  Svo.  12s.  Qd. 

—  —     translated  by  Webb.   Svo.  12s.  6d. 

—  —     edited  by  Selss.    Crown  Svo.  5s. 

Ingelow's  Poems.   Vols.  1  and  2,  fcp.  Svo.  12s.   Vol.  3  fcp.  Svo.  5s. 

Macaulay's  Lays  of  Ancient  Rome,  with  Ivry  and  the  Armada.    Illustrated  by 

Weguelin.   Crown  Svo.  3s.  6d.  gilt  edges. 
The  same,  Annotated  Edition,  fcp.  Svo.  Is.  sewed,  Is.  6cZ.  cloth,  2s.  6(2.  cloth  extra. 
The  same,  Popular  Edition.   Illustrated  by  Scharf.  Fcp.  4to.  Qd.  swd  ,  Is.  cloth. 
Macdonald's  (G-.)  A  Book  of  Strife  :  in  the  Form  of  the  Diary  of  an  Old  Soul : 

Poems.  12mo.  6s, 

Pennell's  (Cholmondeley)  'From  Grave  to  Gay.'   A  Volume  of  Selections. 
Fcp.  Svo.  65. 

Reader's  Voices  from  Flowerland,  a  Birthday  Book,  2s.  M.  cloth,  3s.  Bd.  roan. 
Shakespeare's  Hamlet,  annotated  by  George  Macdonald,  LL.D.   Svo.  12s. 
Southey's  Poetical  "Works.   Medium  Svo.  14s. 
Stevenson's  A  Child's  Garden  of  Verses.    Fcp.  Svo.  5s. 
Virgil's  ^neid,  translated  by  Conington.    Crown  Svo.  9s. 

—  Poems,  translated  into  English  Prose.   Crown  Svo.  9s. 

AGRICULTURE,   HORSES,   DOGS,  AND  CATTLE. 

Dunster's  How  to  Make  the  Land  Pay.   Crown  Svo.  5s. 
Fitzwygram's  Horses  and  Stables.   Svo.  10s.  M. 
Horses  and  Roads.   By  Free-Lance.   Crown  Svo.  6s. 
Lloyd,  The  Science  of  Agriculture.    Svo.  12s. 
Loudon's  Encyclopgedia  of  Agriculture.  21s. 

Miies's  Horse's  Foot,  and  How  to  Keep  it  Sound.    Imperial  Svo.  12s.  Qd, 

—  Plain  Treatise  on  Horse-Shoeing.   Post  Svo.  2s.  6(2. 

—  Remarks  on  Horses'  Teeth.   Post  Svo.  Is.  M. 

—  Stables  and  Stable-Fittings.   Imperial  Svo.  15s. 
Nevile's  Farms  and  Farming.    Crown  Svo.  6s. 

—  Horses  and  Riding.   Crown  Svo.  6s. 
Scott's  Farm  Valuer.    Crown  Svo.  5s. 

Steel's  Diseases  of  the  Ox,  a  Manual  of  Bovine  Pathology.  Svo.  15s. 
Stonehenge's  Dog  in  Health  and  Disease.   Square  crown  Svo.  7s.  M. 

—        Greyhound.   Square  crown  Svo.  1 5s. 
Taylor's  Agricultural  Note  Book.   Fcp.  Svo.  26.  6d. 
Ville  on  Artificial  Manures,  by  Crookes.   Svo.  21s. 
Youatt's  "Work  on  the  Dog.   Svo.  6s. 

—       —   _  —  Horse.   Svo.  7s.  6c2. 

SPORTS  AND  PASTIMES. 

Campbell-Walker's  Correct  Cai'd,  or  How  to  Play  at  Whist.   Fcp.  Svo.  2s.  Qd. 

Dead  Shot  (The)  by  Marksman.    Crown  Svo.  10s.  6(2. 

Francis's  Treatise  on  Fishing  in  all  its  Branches.   Post  Svo.  15s. 
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Jefferies'  The  Red  Deer.   Crown  8vo.  45.  Gd. 

Longmau's  Chess  Openings.   Fcp.  8vo.  25.  6d. 

Peel  s  A  Highland  Gathering.   Illustrated.   Crown  8vo.  10s.  6d. 

Pole's  Theory  of  the  Modern  Scientific  Game  of  Whist.   Fop.  8vo.  25.  M. 

Proctor's  How  to  Play  Whist.   Crown  8vo.  55. 

Ronalds's  Ply-Fisher's  Entomology.    8vo.  14s, 

Verney's  Chess  Eccentricities.   Crown  8vo.  lOs.  Gd. 

Wilcocks's  Sea-Fisherman.   Post  8vo.  65. 


ENCYCLOP/EDIAS,   DICTIONARIES-  AND  BOOKS  OF 

REFERENCE. 

Acton's  Modern  Cookery  for  Private  Families.   Fcp.  8vo.  4s.  6d. 

Ayre's  Treasury  of  Bible  Knowledge.   Fcp.  8vo.  65. 

Blackley's  German  and  English  Dictionary.   Post  8vo.  3s.  6d. 

Brande's  Dictionary  of  Science,  Literature,  and  Art.    3  vols,  medium  8vo.  63,?. 

Cabinet  Lawyer  (The),  a  Popular  Digest  of  the  Laws  of  England.   Fcp.  8vo.  9s. 

Gates's  Diction aiy  of  General  Biography.    Medium  8vo.  28s, 

Contanseau's  Practical  French  and  English  Dictionary.   Post  8vo.  3s,  6d. 

—  Pocket  French  and  English  Dictionary,   Square  ISmo.  Is.  Gd. 
Gwilt's  Encyclopsedia  of  Architecture.    8vo.  525.  Gd. 

Keith  Johnston's  Dictionary  of  Geography,  or  General  Gazetteer,   8vo.  425. 
Latham's  (Dr.)  Edition  of  Johnson's  Dictionary.   4  vols.  4to.  £7. 

—  —       —     —      —  —  Abridged.    Royal  Svo.  14s. 
Liddell  &  Scott's  Greek-English  Lexicon.   4to.  36s. 

—  Abridged  Greek-English  Lexicon.   Square  12mo.  7s.  Gd. 

Longman's  Pocket  German  and  English  Dictionary.   18mo.  2s.  Gd. 
M'CuUoch's  Dictionary  of  Commerce  and  Commercial  Navigation.   Svo.  63s. 
Maunder's  Biographical  Treasury.    Fcp.  Svo.  Gs. 

—  Historical  Treasury.    Fcp.  Svo.  65. 

—  Scientific  and  Literary  Treasury.    Fcp.  Svo.  6s. 

—  Treasury  of  Bible  Knowledge,  edited  by  Ayre.   Fcp.  Svo.  Gs. 

—  Treasury  of  Botany,  edited  by  Lindley  &  Moore.   Two  Paxts,  12s. 

—  Treasury  of  Geography.   Fcp.  Svo.  6s. 

—  Treasury  of  Knowledge  and  Library  of  Reference.   Fcp.  Svo.  6s. 

—  Treasury  of  Natural  History.    Fcp .  Svo.  6s. 

Quain's  Dictionary  of  Medicine.    Medium  Svo.  Sis.  Gd.,  or  in  2  vols.  34s. 

Reeve's  Cookery  and  Housekeeping.   Crown  Svo.  75.  Gd. 

Rich's  Dictionary  of  Roman  and  Greek  Antiquities.    Crown  Svo.  7s.  Gd. 

Roget's  Thesaurus  of  English  Words  and  Phrases.   Crown  Svo.  10s.  6^^. 

Tire's  Dictionary  of  Arts,  Manufactures,  and  Mines.   4  vols,  medium  Svo.  £7.  75. 

White  &  Riddle's  Large  Latin-English  Dictionary.   4to.  21s. 

White's  Concise  Latin-English  Dictionary.    Uojal  Svo.  12s. 

—     Junior  Student's  Lat.-Eng.  and  Eng.-Lat.  Dictionary.    S^.  12mo.  5s. 

QpTiavatoUr  /  The  English-Latin  Dictionary,  35. 

Deparaieiy  |  rj^j^g  Latin-English  Dictionary,  3s. 

Willich's  Popular  Tables,  by  Marriott.   Crown  Svo.  10s. 
Yonge's  English-Greek  Lexicon.   Square  12mo.  Ss.  Gd.   4to.  2I5. 
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